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PREFACE
T h is i n v e s t i g a t i o n  was commenced d u rin g  my second y ea r  
as house p h y s ic ia n  a t  Knightswood I n f e c t i o u s  D i s e a s e s  
H o s p i t a l .  D uring the  p r e v io u s  y e a r  my i n t e r e s t  had been  
aroused  in  the  s u b j e c t  by th e  i n v e s t i g a t i o n s  on pneum ococcal  
c a r r ia g e  th en  in  p r o g r e s s  a t  th e  h o s p i t a l  under th e  d i r e c t io n  
o f  Dr. Thomas Anderson, Reader in  I n f e c t i o u s  D i s e a s e s  a t  the  
U n iv e r s i t y  o f  Glasgow.
P r io r  to  u n d e r ta k in g  t h i s  i n v e s t i g a t i o n  a p e r io d  o f  
s e v e r a l  months was sp en t  on t r a i n i n g  i n  th e  b a c t e r i o l o g i c a l  
m ethods r e q u ir e d .  S u b seq u e n tly ,  s e v e r a l  i n v e s t i g a t i o n s  o f  a
I
p r e l im in a r y  n a tu re  were c a r r ie d  o u t ,  on c r o s s  i n f e c t i o n  by 
s tr ep to m y c in  r e s i s t a n t  s t r a i n s  o f  B a c i l l u s  c o l i  amongst 
p a t i e n t s  t r e a t e d  by s tr ep to m y c in  and on c r o s s  i n f e c t i o n  by 
pneum ococci amongst c h i ld r e n  in  open wards.
I  am d e e p ly  in d e b te d  to  Dr. Thomas Anderson, through  
vthom I  was f i r s t  in tr o d u c e d  to  the  s u b j e c t  and w ith  whose 
encouragem ent t h i s  p a r t i c u l a r  i n v e s t i g a t i o n  was u n d ertak en .
F i n a l l y  I  would l i k e  to  e x p r e s s  my than k s to  the  
n u r s in g  and dom estic  s t a f f s  o f  Knightswood I n f e c t i o u s  
D is e a s e s  H o s p ita l  whose w i l l i n g  c o -o p e r a t io n  made the  
i n v e s t i g a t i o n s  p o s s i b l e ;  to  the  la b o r a to r y  t e c h n i c i a n s  who 
ensu red  a c o n s ta n t  su pp ly  o f  media; and e s p e c i a l l y  t o  the  
s e n io r  t e c h n i c i a n ,  Mr. A. McLean, who e x e c u te d  the  drawings
in  the  t e x t  and did the  ph otography.
* * * * * *
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The P u rp o s e  o f  t h e  I n v e s t i g a t i o n .
The o c c u r r e n c e  o f  c r o s s  i n f e c t i o n  amongst  c h i l d r e n  i n  
an  open ward h a s  b e en  t h e  s u b j e c t  o f  i n v e s t i g a t i o n  by  many 
w r i t e r s .  Such i n v e s t i g a t i o n s  h av e  b e e n  c a r r i e d  ou t  i n  
m e d i c a l  and s u r g i c a l  w a rds ,  and i n  w ards  u s e d  f o r  t h e  
t r e a t m e n t  of  i n f e c t i o u s  d i s e a s e s .  The o c c u r r e n c e  o f  such 
c r o s s  i n f e c t i o n ,  no m a t t e r  wha t  a n a t o m i c a l  s y s te m  be i n v o l v e d ,  
h a s  b e e n  shown t o  c a u s e  c o n s i d e r a b l e  l e n g t h e n i n g  of t h e  p e r i o d  
i n  h o s p i t a l  and t o  h a v e  a  d e l e t e r i o u s  e f f e c t  on th e  h e a l t h  o f  
t h e  c h i l d ,  a l r e a d y  d e b i l i t a t e d  by t h e  o r i g i n a l  i l l n e s s .  
C o m p l i c a t i o n s  o c c u r r i n g  i n  p a t i e n t s  s u f f e r i n g  f rom s c a r l e t  
f e v e r ,  m e a s l e s  o r  d i p h t h e r i a  h av e  b e en  p r o v e d  t o  be due to  
c r o s s  i n f e c t i o n .  ( A l l i s o n  and Brown, 1937 ;  A l l i s o n ,  1938;  
C r u i c k s h a n k  and G-odber, 1939)*
E x c l u d in g  g a s t r o - i n t e s t i n a l  p a t h o g e n s ,  t h e  o rg a n i s m  
m ost  f r e q u e n t l y  s t u d i e d  h a s  b e en  S t r e p t o c o c c u s  p y o g e n e s ,  and 
t h i s  h a s  p ro v e d  to  be an  i d e a l  o rg a n i s m  f o r  su ch  s t u d i e s  
s i n c e  d i s t i n c t  s e r o l o g i c a l  t y p e s  can  be i d e n t i f i e d .  I t  h a s  
b e e n  shown t h a t  t h e  a c q u i s i t i o n  o f  a  t y p e  o f  S t r e p t o c o c c u s  
p y o g e n e s  d i s t i n c t  f rom  t h a t  c a u s i n g  t h e  o r i g i n a l  i l l n e s s ,  
may c a u se  t h e  d e v e lop m en t  o f  a  c o m p l i c a t i o n  i n  a  p a t i e n t  
s u f f e r i n g  f rom  s c a r l e t  f e v e r .  ( A l l i s o n  and Brown, 1 9 3 7 ) .
S t a p h y l o c o c c u s  a u r e u s  h a s  more r e c e n t l y  b een  
i n v e s t i g a t e d  a s  t h e  c r o s s  i n f e c t i n g  a g e n t  and t h e  d e v e lo p m e n t  
o f  b a c t e r i o p h a g e  t y p i n g  h a s  f a c i l i t a t e d  t h e  t r a c i n g  o f  t h e
i n f e c t i o n  t o  t h e  s o u r c e .  The e p id e m i o l o g y  o f  t h i s  
o r g a n i s m  h a s  b e en  s t u d i e d  i n  n u r s e r y  o u t b r e a k s  o f  pemphigus 
n e o n a to ru m ,  ( E l l i o t ,  G i l l e s p i e  and H o l l a n d ,  1940;  A l l i s o n  
and Hobbs, 1 9 4 7 ) ,  i n  t h e  i n v e s t i g a t i o n  o f  i n f e c t e d  wounds i n  
a  s u r g i c a l  ward ( R o u n t r e e ,  1947)  and  i n  o u t b r e a k s  o f  
d i a r r h o e a  due to  t h e  s t a p h y l o c o c c u s . ( W i l l i a m s ,  S w i f t ,  Vollum 
and W i l s o n ,  1946;  Oddy and C leg g ,  1 9 4 7 ) .
I t  h a s  a l s o  b e e n  shown t h a t  d u s t  i s  an  i m p o r t a n t  
v e h i c l e  f o r  t h e  c r o s s  i n f e c t i n g  o r g a n i s m  and t h a t  d u s t - b o r n e ,  
a s  d i s t i n c t  f rom  d r o p l e t  o r  d i r e c t  c o n t a c t  i n f e c t i o n ,  o c c u r s .  
A l th o u g h  i t  i s  d i f f i c u l t  t o  i m p l i c a t e  d i r e c t l y  t h e  f l o o r  
d u s t  o f  t h e  ward a s  t h e  v e h i c l e  f o r  t h e  o rg a n is m ,  t h e  
i m p l i c a t i o n  may be i n f e r r e d  s i n c e  m ethods  o f  d u s t  s u p p r e s s i o n  
p r e v e n t  c r o s s  i n f e c t i o n  i n  w a rd s .  ( W r ig h t ,  Cruickshank and 
Gunn, 1944 ;  M e d ic a l  R e s e a r c h  C o u n c i l ,  1 9 5 1 ) .  The i m p o r t a n c e  
o f  su ch  d u s t  s u p p r e s s i o n  m ethods  i n  c o n t r o l l i n g  r e s p i r a t o r y  
i n f e c t i o n ,  a t  l e a s t  i n  a  m i l i t a r y  u n i t ,  h a s  b e en  shown by 
A nde rson ,  Buchanan and M a c P o r t la n d  (1 9 4 4 ) .
There  have  b e e n  no su c h  s t u d i e s  on c r o s s  i n f e c t i o n  i n  a 
ward u s e d  f o r  t h e  t r e a t m e n t  of  i n f a n t s  o r  young c h i l d r e n  
s u f f e r i n g  f rom  an a c u t e  r e s p i r a t o r y  i l l n e s s ,  n o r  h a s  t h e  
pneumococcus p r e v i o u s l y  b e en  u s e d  a s  a  t r a c e r  o r g a n i s m ,  
e x c e p t  i n  a c t u a l  o u t b r e a k s  o f  l o b a r  pneum onia .  The d i s t i n c t  
s e r o l o g i c a l  t y p e s  r e n d e r  i t  a  s u i t a b l e  o r g a n i s m  f o r  s t u d y .
I t  would seem t o  be o f  v a l u e  t o  s t u d y  t h e  o c c u r r e n c e  of  
c r o s s  i n f e c t i o n  i n  t h i s  k i n d  of w a r d  w i t h  s p e c i a l  r e f e r e n c e
t h e  pneumococcus f o r  t h e  f o l l o w i n g  r e a s o n s : -  
To d e t e r m i n e  i f  t h e  pneumococcus  may he t r a n s f e r r e d  from 
i n d i v i d u a l  t o  i n d i v i d u a l  by f l o o r  d u s t .  The e p id e m io lo g y  
o f  p n eu m o co cca l  r e s p i r a t o r y  i n f e c t i o n s  h a s  heen  s t u d i e d  
hy  many w r i t e r s  and  t h e i r  f i n d i n g s  have  h e e n  r e v i e w e d  hy  
F i n l a n d  ( 1 9 4 2 a ) .  A l th o u g h  t h e  pneum ococcus  i s  p r o b a b l y  
t r a n s f e r r e d  hy d r o p l e t  i n f e c t i o n  t h e r e  i s  l i t t l e  d i r e c t  
e v id e n c e  o f  t h i s  and s o ,  t h e  p o s s i b i l i t y  o f  some o t h e r  
means o f  i n f e c t i o n  e x i s t s .
To d e t e r m i n e  i f  t h e r e  i s  any d i f f e r e n c e  i n  t h e  m ethod  o f  
t r a n s f e r e n c e  o f  t h e  pneum ococcus ,  S t r e p t o c o c c u s  p y o g e n e s  
and S t a p h y l o c o c c u s  a u r e u s  and i f  one c o u l d  a c c o u n t  f o r  
any su c h  d i f f e r e n c e  f o u n d .
To d e t e r m i n e  i f  any r e l a p s e  o c c u r r i n g  i n  a  c h i l d 1s 
r e s p i r a t o r y  i l l n e s s  was due t o  t h e  a c q u i s i t i o n  o f  an  
o r g a n i s m  n o t  p r e v i o u s l y  p r e s e n t  i n  t h e  r e s p i r a t o r y  t r a c t .  
To d e te r m in e  i f  t h e  a c q u i s i t i o n  o f  a  new t y p e  o f  pneumo- 
c o c c u s  d i d  e v e r  c a u s e  any c l i n i c a l  u p s e t  on t h e  p a r t  o f  
t h e  p a t i e n t .
To d e t e r m i n e  how g r e a t  was t h e  p o s s i b i l i t y  o f  an  a d u l t ,  
i n  c o n t a c t  w i th  a  p a t i e n t ,  i n f e c t i n g  t h a t  p a t i e n t  w i t h  
o r g a n i s m s  p r e s e n t  i n  t h e  a d u l t ’ s u p p e r  r e s p i r a t o r y  t r a c t
and  t o  wha t  e x t e n t  t h i s  c o n s t i t u t e d  a  d a n g e r  t o  t h e  p a t i e  
To d e t e r m i n e  i f  t h e  h i g h e r  t y p e s  o f  pneun iococc i  j  \ axiy 
p a r t  i n  t h e  e t i o l o g y  o f  r e s p i r a t o r y  i l l n e s s  
i n  t h e  i n f a n t  and young  c h i l d .  The pneumonia  which
o c c u r s  i n  i n f a n t s  d i f f e r s  f rom  t h a t  w h ich  o c c u r s  i n  a d u l t s .  
The l a t t e r  u s u a l l y  a f f e c t s  an e n t i r e  l o h e  and i s  f r e q u e n t l y  
due t o  t h e  l o w e r  f i x e d  t y p e s  o f  pneum ococc i  ( t y p e s  1 , 2 and 
3 ) .  I n  c o n t r a s t ,  t h e  i n f a n t  u s u a l l y  s u f f e r s  f rom  b r o n c h o ­
p neum onia  and t h e  t y p e s  o f  pneum ococc i  i s o l a t e d  f rom  t h e  
n o s e ,  t h r o a t ,  empyema p u s  o r  a u t o p s y  spec im en  a r e  t h o s e  
h i g h e r  t y p e s  fo u n d  i n  t h e  g e n e r a l  h e a l t h y  p o p u l a t i o n .  
( F i n l a n d ,  1942b;  G u t h r i e  and  Montgomery,  1 9 4 8 ) .  I t  may be 
t h a t  t h e  a d u l t s  and  o l d e r  c h i l d r e n  i n f e c t  t h e s e  i n f a n t s  w i t h  
t h e  h i g h e r  t y p e s  of p n eum ococc i  and c a u s e  a  r e s p i r a t o r y  
i n f e c t i o n .  On t h e  o t h e r  h an d ,  t h e  r e s p i r a t o r y  i n f e c t i o n  
may be t h e  r e s u l t  o f  some o t h e r  f a c t o r ,  f o r  e x a m p le ,  a  v i r u s  
i n f e c t i o n ,  which  damages t h e  mucous membrane and  a l l o w s  
s e c o n d a r y  i n v a s i o n  by t h e  pneum ococc i  and  o t h e r  o r g a n i s m s  
a l r e a d y  p r e s e n t  i n  t h e  u p p e r  r e s p i r a t o r y  t r a c t .  (D ochez ,  
M i l l s  and K h e e la n d ,  1 9 3 3 ) .  I f  i t  c o u l d  be shown t h a t  t h e r e  
was no c l i n i c a l  u p s e t  when p a t i e n t s  a c q u i r e d  p neum ococc i  
f rom  o t h e r  p a t i e n t s  o r  f rom members o f  t h e  n u r s i n g ,  m e d i c a l  
and d o m e s t i c  s t a f f  i n  c o n t a c t  w i t h  them ,  i t  would  be 
e v i d e n c e  a g a i n s t  t h e  h i g h e r  t y p e s  o f  p n eum ococc i  b e i n g  t h e  
p r i m a r y  c a u s a l  o r g a n i s m s  o f  pneum onia  o r  b r o n c h i t i s  i n  t h e  
i n f a n t  o r  young  c h i l d .
I d e a l  o p p o r t u n i t i e s  were o f f e r e d  a t  K n igh tsw o od  
H o s p i t a l  t o  c a r r y  o u t  su c h  i n v e s t i g a t i o n s .  The l a b o r a t o r y  
f a c i l i t i e s  were  e x c e l l e n t  and t h e  w r i t e r  was a b l e  t o  c a r r y  
o u t  u n a i d e d  a l l  t h e  b a c t e r i o l o g i c a l  work e n t a i l e d .  The
5.
- n u r s i n g ,  m e d i c a l  and d o m e s t i c  s t a f f  r e a d i l y  v o l u n t e e r e d  a s  
s u b j e c t s  f o r  t h e  i n v e s t i g a t i o n .  No s p e c i f i c  m e a s u r e s  were 
t a k e n  i n  t h e  w a rd s  t o  p r e v e n t  c r o s s  i n f e c t i o n  b u t  t h e  
g e n e r a l  n u r s i n g  s t a n d a r d s  were  h i g h .  No d u s t  s u p p r e s s i v e  
m e th o d s  were u s e d  i n  t h e  w ard s  and  t h e  n u r s i n g  s t a f f  d i d  
n o t  w ear  m ask s .
I t  was hoped t h a t  by  c a r r y i n g  o u t  ( a )  a  f r e q u e n t  
sw ab b ing  o f  t h e  n o s e s  and  t h r o a t s  o f  a l l  p a t i e n t s  a d m i t t e d  
t o  a  w a rd ,  u s e d  s o l e l y  f o r  t h e  t r e a t m e n t  o f  a c u t e  
r e s p i r a t o r y  i l l n e s s  i n  i n f a n t s  and c h i l d r e n  u n d e r  s i x  y e a r s  
o f  a g e ,  (b )  a  s i m i l a r  sw ab b in g  o f  a l l  n u r s i n g ,  m e d i c a l  and  
d o m e s t i c  s t a f f  i n  c o n t a c t  w i t h  t h e s e  p a t i e n t s  and  ( c )  a  
f r e q u e n t  e x a m i n a t i o n  o f  t h e  b a c t e r i a l  c o n t e n t  o f  t h e  f l o o r  
d u s t ,  i m p o r t a n t  i n f o r m a t i o n  m i g h t  be  o b t a i n e d  a b o u t  t h e  
i n c i d e n c e  and e f f e c t s  o f  c r o s s  i n f e c t i o n  by  t h e  pneum ococcus  
and t h e  p a r t  p l a y e d  by  t h e  pneum ococcus  i n  t h e  e t i o l o g y  o f  
pneum onia  and b r o n c h i t i s  i n  i n f a n t s  and  yo u ng  c h i l d r e n .
S in c e  t h e  i n c i d e n c e  o f  c r o s s  i n f e c t i o n  by  S t r e p t o c o c c u s  
p y o g e n e s  and by  S t a p h y l o c o c c u s  a u r e u s  was s t u d i e d  f o r  
c o m p a r a t i v e  p u r p o s e s ,  t h e  p a r t ,  i f  a n y ,  w h ich  t h e s e  two 
o r g a n i s m s  p l a y  i n  t h e  e t i o l o g y  o f  pneum onia  o r  b r o n c h i t i s  i n  
t h e  i n f a n t  and yo un g  c h i l d  m ig h t  l i k e w i s e  be d e t e r m i n e d .
F i n a l l y ,  i t  seemed t o  t h e  w r i t e r  t h a t  i t  wou ld  be  o f  
c o n s i d e r a b l e  v a l u e  t o  c o n d u c t  s i m i l a r  i n v e s t i g a t i o n s  i n  
o t h e r  w a rd s  and compare t h e  r e s u l t s  o b t a i n e d  w i t h  t h o s e  
f rom  t h e  m ain  i n v e s t i g a t i o n .  Wards u s e d  f o r  t h e  t r e a t m e n t
6.
o f  m e a s l e s  were  c h o s e n  s i n c e ,  i n  t h i s  d i s e a s e ,  t h e  
o c c u r r e n c e  of  b r o n c h i t i s  o r  pneumonia  a s  a  c o m p l i c a t i o n  
i s  f r e q u e n t .  I n  one o f  t h e s e  w a rd s ,  t h e  p a t i e n t s  were 
p u r p o s e l y  ov e rc ro w d ed  t o  o b s e r v e  t h e  e f f e c t s  o f  o v e r ­
c ro w d in g  on c r o s s  i n f e c t i o n .
* * * * *
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SECTION I .
F igure  l a
D I A G R A M  TO SHOW LAYOUT OF WARD IN WHICH  
THE M A I N  I N V E S T I G A T I O N  TOOK P L A C E .
D I V I S I O N S
K I T C H E N
77777.
C O R R I  DOR
S A N I T A R Y  A N N E X E
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SECTION I .
D e t a i l e d  d e s c r i p t io n  o f  the  I n v e s t i g a t i o n .
The i n v e s t i g a t i o n s  w h ich  fo rm  t h e  "basis  o f  t h i s  t h e s i s  
were c a r r i e d  o u t  i n  K n igh tsw ood  I n f e c t i o u s  D i s e a s e s  H o s p i t a l ,  
i n  a  ward u s e d  f o r  t h e  t r e a t m e n t  o f  c h i l d r e n  s u f f e r i n g  f rom  
pneum onia .  The " b a c t e r i o l o g y  was c a r r i e d  o u t  "by t h e  w r i t e r  
i n  t h e  h o s p i t a l  l a b o r a t o r y  where  a l l  n e c e s s a r y  f a c i l i t i e s  were  
a v a i l a b l e .  The s u b j e c t s  o f  t h e  i n v e s t i g a t i o n s  were  t h e  
p a t i e n t s  a d m i t t e d  t o  t h e  ward be tw een  O c to b e r  1949 and A p r i l  
1950  and t h e  m e d i c a l ,  n u r s i n g  and d o m e s t i c  s t a f f  who w ere  i n  
c o n t a c t  w i t h  them . The p a t i e n t s  were  a l l  aged  u n d e r  6 y e a r s  
and of t h e s e ,  more t h a n  h a l f  w e re  aged  u n d e r  1 y e a r .  Of t h e  
131  p a t i e n t s  a d m i t t e d ,  125 were  n o t i f i e d  t o  t h e  h o s p i t a l  a s  
c a s e s  o f  pneum onia .  The r e m a i n i n g  6 i n c l u d e d  5 n o n - i n f e c t i v e  
t r a n s f e r s  f ro m  o t h e r  w ards  and 1 p a t i e n t  who was known t o  h ave  
t u b e r c u l o u s  m e n i n g i t i s  when he was a d m i t t e d .  Not a l l  o f  t h e  
125 p a t i e n t s  had pneumonia  a l t h o u g h  n o t i f i e d  t o  th e  a d m i s s i o n  
b u r e a u  a s  s u c h .  Some were  s u b s e q u e n t l y  found  t o  have  d e g r e e s  
o f  r e s p i r a t o r y  i n f e c t i o n  m i l d e r  t h a n  pneum onia ,  o r  e v e n  t o  
h ave  no r e s p i r a t o r y  i l l n e s s  a t  a l l  and t o  be s u f f e r i n g  f rom  
some o t h e r  c o n d i t i o n .  W h a tev e r  t h e  u l t i m a t e  d i a g n o s i s ,  a l l  
p a t i e n t s  were  i n v e s t i g a t e d  i n  a  s i m i l a r  f a s h i o n .
D e s c r ip t io n  o f  the Ward.
The ward was o f  th e  p a v i l i o n  type  and E igure  la  shows 
the  p la n  o f  i t s  fo u r  d i v i s i o n s .  A thorough d i s i n f e c t i o n  and
D I A G R A M  TO SHOW THE N U M B E R I N G  OF T H E  
COTS IN THE WARD.
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c le a n in g  had been c a r r ie d  out p r io r  t o  th e  a d m iss io n  o f  any  
p a t i e n t s .
D i v i s i o n s  A and G e a c h  c o n t a i n e d  8 c o t s ,  D i v i s i o n  B 
10 c o t s  and D i v i s i o n  D 4 c o t s  -  a  t o t a l  o f  30 c o t s .  The 
r e m a i n i n g  s p a c e  i n  D i v i s i o n  D was u se d  f o r  s t o r a g e  and n o t  
f o r  p a t i e n t s .
The c o t s  were  numbered A1  -  A8 , B1 -  BIO, Cl  -  C8 ,
D1 -  D4, a s  shown i n  F i g u r e  l b .
P o s i t i o n  o f  P a t i e n t  i n  t h e  Ward.
For e a c h  p a t i e n t  a  r e c o r d  was k e p t  o f  t h e  number of 
t h e  c o t  t o  w h ich  he o r  she  was a d m i t t e d  and o f  any  
s u b s e q u e n t  c h a n g e s  i n  t h e  p o s i t i o n  o f  t h i s  c o t  i n  t h e  w a rd .  
Such c h a n g e s  were so m e t im es  found  n e c e s s a r y  s i n c e  D i v i s i o n s  
A and C were  more s u i t a b l e  f o r  n u r s i n g  t h e  a c u t e l y  i l l  and 
t h e  v e r y  young p a t i e n t s ,  w h e re a s  D i v i s i o n s  B and D were  more 
s u i t a b l e  f o r  t h e  o l d e r  and th e  c o n v a l e s c e n t  p a t i e n t s .  
O c c a s i o n a l l y ,  a c u t e l y  i l l  p a t i e n t s  had to  be a d m i t t e d  to  
t h e s e  o u t e r  d i v i s i o n s .
R o u t in e  P r o c e d u r e s  w i t h  P a t i e n t s .  ( l ) B e f o r e  and 
i m m e d i a t e l y  f o l l o w i n g  a d m i s s i o n  t o  t h e  w a r d .
B e f o r e  b e in g  a d m i t t e d  t o  t h e  w a r d ,  e a c h  p a t i e n t  was 
s e e n  i n  t h e  am bulance  by  th e  d o c t o r  on d u ty  w i t h  t h r e e  main  
o b j e c t s  i n  v iew .  ( a )  To a s c e r t a i n  i f  t h e r e  were  an y  
i n f e c t i o u s  c o n d i t i o n  p r e s e n t  and i f  so ,  t o  have  t h a t  
p a t i e n t  i s o l a t e d  e l s e w h e r e .  (b )  To o r d e r  any  em ergency  
t r e a t m e n t  and ( c )  t o  o b t a i n  f rom  t h e  am bulance  n u r s e  o r
r e l a t i v e s ,  i f  p r e s e n t ,  t h e  h i s t o r y  o f  t h e  p a t i e n t ’ s i l l n e s s  
and th e  d e t a i l s  o f  any  t r e a t m e n t  g i v e n  p r i o r  t o  a d m i s s i o n .  
D e t a i l s  o f  t h i s  p r e v i o u s  t r e a t m e n t  were  u s u a l l y  i n a d e q u a t e  
and  i n a c c u r a t e  s i n c e ,  more o f t e n  t h a n  n o t ,  t h e r e  was no 
l e t t e r  f rom  t h e  p a t i e n t ' s  g e n e r a l  p r a c t i t i o n e r .
The p a t i e n t  was r e a d y  t o  he s e e n  i n  t h e  w a rd  hy  t h e  
d o c t o r  w i t h i n  h a l f  an h o u r  o f  a d m i s s i o n .  A t h o r o u g h  
c l i n i c a l  e x a m i n a t i o n  was made and t h e  n e c e s s a r y  s t e p s  t a k e n  
t o  d e t e r m i n e  t h e  c o r r e c t  d i a g n o s i s ,  e . g .  l u m b a r  p u n c t u r e ,  
b l o o d  e x a m i n a t i o n ,  u r i n e  e x a m i n a t i o n ,  s t o o l  e x a m i n a t i o n .  An 
x - r a y  o f  th e  c h e s t  was t a k e n  t h e  f o l l o w i n g  d a y .  I f  t h e  
p a t i e n t  had  a  d e f i n i t e  r e s p i r a t o r y  i n f e c t i o n  t r e a t m e n t  by  
c h e m o th e ra p y  was commenced a s  soon  a f t e r  a d m i s s i o n  a s  
p o s s i b l e .  The f i r s t  p a t i e n t  was g i v e n  s u l p h a d i a z i n e  t a b l e t s  
t h e  second  o r a l  p e n i c i l l i n  t a b l e t s ,  t h e  t h i r d  i n t r a m u s c u l a r  
p e n i c i l l i n ,  t h e  f o u r t h  s u l p h a d i a z i n e ,  t h e  f i f t h  o r a l  
p e n i c i l l i n  -  and so on .  S hou ld  t r e a t m e n t ,  a s  d e c i d e d  i n  
t h i s  f a s h i o n  be i n s u f f i c i e n t  o r  u n s u i t a b l e  f o r  t h e  p a t i e n t ,  
o t h e r  more s u i t a b l e  t r e a t m e n t  was p r e s c r i b e d .  One however  
w ish e d  t o  have  a p p r o x i m a t e l y  e q u a l  num bers  o f  p a t i e n t s  
r e c e i v i n g  e a c h  of  t h e  t h r e e  d r u g s  u s e d .  Dosage o f  t h e  
d r u g s  v a r i e d  a c c o r d i n g  t o  th e  age  o f  t h e  p a t i e n t  and t h e  
d e t a i l s  of  th e  t r e a t m e n t  r o u t i n e s  a r e  g i v e n  i n  S e c t i o n  2, 
( C h a p t e r  4 ) .
F o r  t h e  p u r p o s e s  o f  t h e  w r i t e r ' s  i n v e s t i g a t i o n s ,  i t  
was n e c e s s a r y  t o  d e t e r m i n e  what  o r g a n i s m s  w ere  p r e s e n t  i n
t h e  n o se  and t h r o a t  o f  t h e  p a t i e n t  a t  t h e  t im e  of  a d m i s s i o n  
t o  t h e  w a rd .  T h e r e f o r e ,  when t h e  p a t i e n t  was exam ined  i n  
t h e  ward and p r i o r  t o  t h e  commencement o f  any  t r e a t m e n t ,  t h e  
d o c t o r  on d u t y  t o o k  3 sw abs ,  one f ro m  t h e  a n t e r i o r  n o s e ,  one 
f rom  t h e  p o s t e r i o r  n o s e  and one f ro m  t h e  t h r o a t .  These  were 
p l a t e d  o u t  on h lo o d  a g a r  and g e n t i a n  v i o l e t  b l o o d  a g a r  p l a t e  
i n c u b a t e d  o v e r n i g h t  and t h e  o rg a n i s m s  p r e s e n t  i d e n t i f i e d  
s u b s e q u e n t l y .  (See  A p p e n d ix ) .
H o t e : The words  ' a  sw a b b in g '  a r e  u s e d  t o  d e n o t e  t h e
t a k i n g  o f  swabs f rom  t h e  t h r e e  a r e a s ,  t h e  a n t e r i o r  n o s e ,  t h e  
p o s t e r i o r  n o se  and t h e  t h r o a t .
( 2 )  A f t e r  a d m i s s i o n  t o  h o s p i t a l .
Chem otherapy  was c o n t i n u e d  u n t i l  m i d n i g h t  o f  t h e  
p a t i e n t ' s  s e v e n t h  day  i n  h o s p i t a l  when i t  was u s u a l l y  
d i s c o n t i n u e d ,  u n l e s s  t h e r e  was some r e a s o n  why i t  s h o u l d  
be p r o l o n g e d .  R o u t in e  n u r s i n g  t r e a t m e n t  m e a s u r e s  were  
c o n t i n u e d  t h r o u g h o u t  t h e  p a t i e n t ' s  p e r i o d  i n  h o s p i t a l .
A sw abbing  was made on t h e  m orn ing  o f  t h e  e i g h t h  day 
i n  h o s p i t a l  o r ,  i f  t r e a t m e n t  was c o n t i n u e d  f o r  an  e x t r a  
d ay  o r  s o ,  on t h e  m o rn in g  f o l l o w i n g  c e s s a t i o n  o f  t r e a t m e n t .  
I f  l a t e r ,  a  f u r t h e r  c o u r s e  o f  t r e a t m e n t  was p r e s c r i b e d ,  
t h e  p a t i e n t  was swabbed b e f o r e  and a f t e r  t r e a t m e n t .  The 
p a t i e n t  was f i n a l l y  swabbed on th e  d a y  o f  d i s m i s s a l  o r  
t h e  day p r e c e d i n g  i t .  P a t i e n t s  i n  h o s p i t a l  f o r  l o n g  
enough were  swabbed a t  w e e k ly  i n t e r v a l s  u n t i l  d i s m i s s a l ^
I f  t h e r e  was any c l i n i c a l  e v i d e n c e  of p o s s i b l e  c r o s s
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i n f e c t i o n ,  t h e  p a t i e n t s  were  swabbed.  Any r i s e  i n  
t e m p e r a t u r e  o r  any w o r s e n in g  o f  t h e  c l i n i c a l  c o n d i t i o n  
was r e g a r d e d  a s  being' s u s p i c i o u s  of  i n f e c t i o n  and a s  
s u c h ,  w a r r a n t e d  a  sw ab b in g .  P a t i e n t s  w i t h  c o n d i t i o n s  
o t h e r  t h a n  pneumonia  o r  b r o n c h i t i s  were  a l s o  swabbed on 
t h e  e i g h t h  day i n  h o s p i t a l  and  t h e n  a t  w e e k ly  i n t e r v a l s  
a n d / o r  on d i s m i s s a l .
T h is  reg im e  f o r  s u b s e q u e n t  sw ab b in g s  was a d h e r e d  to  
a s  c l o s e l y  a s  p o s s i b l e  b u t  on some o c c a s i o n s ,  p r e s s u r e  o f  
work p r e v e n t e d  a l l  swabs b e i n g  d e a l t  w i t h  and a  few 
sw ab b in g s  were  i n a d v e r t e n t l y  m i s s e d .  M o reo v er ,  an  o u t b r e a k  
o f  s m a l lp o x  i n  t h e  h o s p i t a l  b r o u g h t  t o  a  s t a n d s t i l l  t h e  
w r i t e r ’ s b a c t e r i o l o g i c a l  work f o r  one week. No swabs w ere  
t a k e n  t h i s  week. However,  514 sw ab b in g s  were  t a k e n  o u t  o f  
a  p o s s i b l e  54 7 , w h ich  i s  a n  a v e r a g e  o f  3*9 p e r  p a t i e n t .
R e c o r d s .
A c a s e  s h e e t  and t e m p e r a t u r e  c h a r t  were  k e p t  f o r  e a c h  
p a t i e n t .  I n t o  t h e  c a s e  s h e e t  were e n t e r e d  d e t a i l s  of t h e  
a d m i s s i o n  f i n d i n g s ,  t h e  m e d i c a l  h i s t o r y  and s u b s e q u e n t  
c l i n i c a l  p r o g r e s s  and d e t a i l s  of  t r e a t m e n t ,  x - r a y s  an d  an y  
l a b o r a t o r y  r e p o r t s .  A s e p a r a t e  r e c o r d  c a r d  was k e p t  f o r  
e ach  p a t i e n t  w i t h  n o t e s  o f  t h e  d a t e s  o f  a d m i s s i o n  and 
d i s m i s s a l ,  t h e  d a t e s  of a l l  sw abb ings  made and a  n o t e  o f  
t h e  o c c a s i o n s  w h ich  m e r i t e d  t h e  t a k i n g  o f  t h e  sw abs .
On t h i s  c a r d  was a l s o  k e p t  a  r e c o r d  of t h e  p o s i t i o n  o f  t h e  
c o t  t o  w hich  t h e  p a t i e n t  was a d m i t t e d  and any s u b s e q u e n t
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changes i n  i t s  p o s i t i o n  in  th e  ward. On t h i s  card  a n o te  
was a l s o  kept o f  the age grou p , the  d i a g n o s i s  and th e  n a tu re  
and t o t a l  dosage o f  the ch em oth erap eu tic  drugs g iv e n .
R ou tin e  P roced ures w ith  Members o f  S t a f f .
I d e a l l y ,  f o r  the p u rp oses  o f  t h i s  i n v e s t i g a t i o n ,  e v e r y  
member of th e  n u r s in g ,  dom estic  and m ed ica l  s t a f f  who came 
in t o  c o n ta c t  w ith  the  p a t i e n t s  would r e q u ir e  to  be swabbed. 
T h is  was found to be im p r a c t ic a b le  and th o s e  a c t u a l l y  
swabbed in c lu d e d  the w a r d - s i s t e r ,  th e  n u r s e s ,  the p a r t - t im e  
n u r s e s ,  two m aids, the h o s p i t a l  s u p e r in te n d e n t ,  one o th e r  
d o c to r  and the  w r i t e r .  F orty -tw o  members o f  s t a f f  were  
in v o lv e d .  Other members o f  the s t a f f ,  e . g .  x -r a y  s t a f f ,  
the  matron and a d m in is t r a t iv e  n u r s in g  s t a f f ,  the d o c t o r s  on 
duty f o r  a d m iss io n  p u rp o se s ,  r e l i e v i n g  n u r s e s ,  e t c .  came 
in t o  o c c a s io n a l  c o n ta c t  w ith  th e  p a t i e n t s  b u t were n o t  
swabbed. As was th e  c a s e  w ith  th e  p a t i e n t s ,  swabs were 
taken  from the a n t e r io r  n o s e ,  th e  p o s t e r i o r  nose  and th e  
t h r o a t  a t  each  sw abbing. Members o f  s t a f f  were swabbed on 
f i r s t  coming to  the  ward and t h e r e a f t e r  a t  w eek ly  i n t e r v a l s  
and the  t o t a l  number o f  s t a f f  sw abbings was 284.
A r ec o rd  card was kept f o r  each  member o f  s t a f f  and a 
n ote  ta k e n  o f  the d a te s  betw een w hich c o n t a c t  w ith  the  
p a t i e n t s  was p o s s i b l e ,  and a l s o  a n o te  o f  th e  d a t e s  o f  a l l  
sw abbings made. On t h i s  card any i l l n e s s  on th e  p a r t  o f  a 
member o f  s t a f f  was r e c o r d e d .
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N o t e : A l l  sw abs ,  b o t h  f ro m  p a t i e n t s  and members of s t a f f ,
e x c e p t i n g  some o f  t h e  a d m i s s i o n  swabs ,  were  t a k e n  by  t h e  
w r i t e r .
Dus t  Sam pl ing .
Us ing  a  p o r t a b l e  d u s t  s a m p le r ,  s a m p le s  o f  t h e  ward  
d u s t  were  c o l l e c t e d  and examined f o r  t h e i r  b a c t e r i o l o g i c a l  
c o n t e n t .  Samples were t a k e n  a t  w eek ly  i n t e r v a l s  and  a  
t o t a l  o f  275 s a m p le s  was t a k e n  and ex am in e d .  The d u s t  
was sampled  f ro m  u n d e r  e a c h  c o t  o c c u p i e d ,  o r ,  when t h e  
ward  was f u l l ,  f ro m  u n d e r  a  random  s e l e c t i o n  of  c o t s .  To 
make t h i s  s e l e c t i o n ,  c a r d s  c a r r y i n g  t h e  num bers  o f  t h e  c o t s  
were  p u t  i n t o  a  box  and 10 p u l l e d  o u t .  Sam ples  of  d u s t  
were  t a k e n  f rom  u n d e r  t h e s e  10  c o t s .
P r i o r  t o  o p e n in g  t h i s  i n v e s t i g a t i o n  50 d u s t  s a m p le s
were  t a k e n  f rom  a  w ard ,  accom m odat ing  p a t i e n t s  s u f f e r i n g  
f rom  s c a r l e t  f e v e r .  The p u r p o s e  of  t h i s  was t o  t e s t  t h e  
e f f i c i e n c y  o f  t h e  d u s t  s a m p le r  i n  t h e  i s o l a t i o n  o f  
S t r e p t o c o c c u s  p yo g e n es  w hich  would be p r e s e n t  i n  c o n s i d e r a b l e  
q u a n t i t y  i n  t h e  d u s t  o f  su c h  a  w ard .  The d u s t  s a m p le r  was 
p ro v e d  e f f i c i e n t .
O t h e r  i n v e s t i g a t i o n s .
(1 ) I n v e s t i g a t i o n  i n  a  s m a l l e r  ward u s e d  f o r  t h e
accomm odat ion  o f  p a t i e n t s  s u f f e r i n g  f ro m  m e a s l e s .
A f t e r  t h e  i n v e s t i g a t i o n s ,  d e s c r i b e d  i n  p r e v i o u s  p a g e s ,
had. b een  c o m p le te d  t h e  w r i t e r  d e c i d e d  t o  c a r r y  o u t  a  s i m i l a r
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i n v e s t i g a t i o n  i n  a  s m a l l e r  ward w h ich  was t h e n  a b o u t  to  
o pen  f o r  t h e  t r e a t m e n t  o f  c h i l d r e n  s u f f e r i n g  f ro m  m e a s l e s .
I n  l a t e r  p a g e s  t h e  r e s u l t s  a r e  u s e d  f o r  c o m p a r a t i v e  
p u r p o s e s ,  and t h i s  i n  f a c t  was t h e  s o l e  r e a s o n  f o r  t h e  
a d d i t i o n a l  work b e i n g  u n d e r t a k e n .
T h i s  s m a l l e r  ward  p r o v i d e d  accom m odat ion  f o r  18 
p a t i e n t s ,  t h e r e  b e i n g  3 d i v i s i o n s  each  o f  w h ic h  c o n t a i n e d  
6 c o t s .  The same r o u t i n e  p r o c e d u r e s  were  c a r r i e d  o u t  f o r  
t h e  50 p a t i e n t s  a d m i t t e d  t o  t h i s  ward a s  h a d  b e e n  c a r r i e d  
o u t  i n  t h e  m ain  i n v e s t i g a t i o n .  Swabbings  were made w i t h  
s i m i l a r  f r e q u e n c y  and t h e  r e c o r d s  were k e p t  i n  i d e n t i c a l  
m anner .  C hem otherapy  was g i v e n  i n  s i m i l a r  f a s h i o n  and 
e a c h  p a t i e n t  r e c e i v e d  e i t h e r  s u l p h a d i a z i n e ,  o r a l  p e n i c i l l i n  
o r  i n t r a m u s c u l a r  p e n i c i l l i n .
Members o f  t h e  n u r s i n g  s t a f f  i n  t h i s  ward were  
swabbed a t  w eek ly  i n t e r v a l s  and t h e  d u s t  was sam pled  e a c h  
week u s i n g  t h e  j j o r t a b l e  d u s t  s a m p le r .
(2 )  I n v e s t i g a t i o n  i n  an  ov e rc row d ed  w ard .
I n  o r d e r  t h a t  t h e  w r i t e r  m ig h t  d e t e r m i n e  w h e th e r  
o v e r c r o w d i n g  of  t h e  p a t i e n t s  w ould  s i g n i f i c a n t l y  m o d i fy  
t h e  i n c i d e n c e  o f  c r o s s  i n f e c t i o n ,  a  c u b i c l e  i n  t h e  i s o l a t i o n  
w ard ,  n o r m a l l y  accomm odat ing  4 p a t i e n t s ,  w a s  u s e d  f o r  t h e  
t r e a t m e n t  o f  6 p a t i e n t s  s u f f e r i n g  f rom  m e a s l e s .  I n  a l l ,  18 
p a t i e n t s  were i n v o l v e d  and e a c h  was i n v e s t i g a t e d  i n  s i m i l a r  
f a s h i o n  t o  t h e  p a t i e n t s  i n  t h e  m ain  i n v e s t i g a t i o n .
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The d u s t  was sam pled  a t  w eek ly  i n t e r v a l s .
( 3 )  I n v e s t i g a t i o n  o f  4 p a t i e n t s  s u f f e r i n g  f rom  m e a s l e s .
These  p a t i e n t s  were  nursed i n  a  c u b i c l e  o f  t h e  
i s o l a t i o n  ward and were  swabbed by t h e  w r i t e r  e v e r y  second  
d a y .  The d u s t  was sam pled  d a i l y .  The r e s u l t s  a r e  
m e n t io n e d  i n  t h e  c h a p t e r  on d u s t  s a m p l in g  and u s e d  f o r  
c o m p a r a t i v e  p u r p o s e s .
( 4 )  The "Baby families" I n v e s t i g a t i o n .
R e f e r e n c e  i s  made i n  l a t e r  p a g e s  to  t h i s  i n v e s t i g a t i o n .  
I t  t o o k  p l a c e  c o n c u r r e n t l y  w i t h  t h e  w r i t e r * s  i n v e s t i g a t i o n  
and i s  r e p o r t e d  by  Landsman ( 1 9 5 3 ) .  The r e s u l t s  o b t a i n e d  
g i v e  a n  i n d i c a t i o n  o f  t h e  b a c t e r i a  c a r r i e d  i n  t h e  nose  and 
t h r o a t  by  h e a l t h y  c h i l d r e n  and a d u l t s  and a r e  t h e r e f o r e  
u s e d  f o r  c o m p a r i s o n  w i t h  t h e  w r i t e r ' s  f i n d i n g s  f o r  t h e  
c h i l d r e n  w i t h  a  r e s p i r a t o r y  i n f e c t i o n  and f o r  t h e  h o s p i t a l  
s t a f f .  The f a m i l i e s  s t u d i e d  by  Landsman were  c o n s i d e r e d  
t o  be a  t r u e  sam ple  o f  t h e  h e a l t h y  g e n e r a l  p o p u l a t i o n .
They were s e l e c t e d  f ro m  th e  g e n e r a l  p o p u l a t i o n  b e c a u s e  o f  
t h e  r e c e n t  o c c u r r e n c e  o f  a  b i r t h  i n  t h e  h o u s e h o l d .  The 
p o s t e r i o r  n o se  and t h r o a t  o f  e a c h  member o f  t h e  f a m i l y  were  
swabbed and t h e  swabs t h u s  o b t a i n e d  were d e a l t  w i t h  i n  
s i m i l a r  f a s h i o n  to  t h o s e  o b t a i n e d  i n  t h e  w r i t e r ' s  
i n v e s t i g a t i o n .  The b a c t e r i o l o g i c a l  work was done i n  t h e  
same l a b o r a t o r y  a s  was u s e d  by t h e  w r i t e r ,  u s i n g  t h e  same 
m e th o d s .
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(5 ) The "Random Families” I n v e s t i g a t i o n .
T h i s  i n v e s t i g a t i o n  t o o k  p l a c e  two y e a r s  p r i o r  to  th e  
p r e s e n t  i n v e s t i g a t i o n .  I t  was c a r r i e d  o u t  hy  Landsman i n  
l i k e  f a s h i o n  t o  th e  ahove h u t  t h e  f a m i l i e s  swahhed were 
s e l e c t e d  hy random s e l e c t i o n  f rom  th e  g e n e r a l  p o p u l a t i o n .
The b a c t e r i o l o g y  was c a r r i e d  o u t  a t  K n igh tsw ood  H o s p i t a l  
a g a i n  u s i n g  t h e  same t e c h n i q u e s .  The r e s u l t s  o b t a i n e d  
a r e  u s e d  i n  c o m p a r i s o n  w i t h  t h e  w r i t e r ’s f i n d i n g s  f o r  
c h i l d r e n  w i t h  a  r e s p i r a t o r y  i n f e c t i o n  and f o r  h o s p i t a l  
s t a f f .
*  *  *  *  *  *
R e f e r e n c e :
Landsman, J . B .  (1953)  P r o c .R .  S o c .M e d . , 4-6, 61.




The R e s u l t s  of t h e  I n v e s t i g a t i o n .
D u r in g  t h e  s i x  month p e r i o d  c o v e r e d  by t h i s  
i n v e s t i g a t i o n ,  a  c o n s i d e r a b l e  volume o f  i n f o r m a t i o n  was 
am assed  c o n c e r n i n g  t h e  p a t i e n t s  and s t a f f  i n v o l v e d  i n  t h e  
i n v e s t i g a t i o n  and  c o n c e r n i n g  t h e  f l o o r  d u s t  o f  t h e  w ard .
The d a t a  o b t a i n e d  w i l l  be d e a l t  w i t h  u n d e r  t h e  f o l l o w i n g  
h e a d i n g s :
C h a p t e r  I .  D e t a i l s  a b o u t  ( a )  t h e  p a t i e n t s  i n v o l v e d  i n  
t h e  i n v e s t i g a t i o n  and ( b )  t h e  o r g a n i s m s  p r e s e n t  i n  th e  n o s e s  
and t h r o a t s  o f  t h e  p a t i e n t s  on a d m i s s i o n  t o  t h e  ward and ,  
d u r i n g  t h e i r  s u b s e q u e n t  p e r i o d  i n  h o s p i t a l .
C h a p te r  2. The r e s u l t s  o f  t h e  i n v e s t i g a t i o n  o f  t h e  
f l o r a  o f  t h e  n o s e s  and t h r o a t s  o f  t h e  members o f  t h e  
m e d i c a l ,  n u r s i n g  and d o m e s t i c  s t a f f  who were i n  c o n t a c t  
w i t h  t h e s e  p a t i e n t s .
C h a p t e r  3. The o r g a n i s m s  i s o l a t e d  f rom  t h e  f l o o r  
d u s t  o f  t h e  ward d u r i n g  t h e  p e r i o d  o f  t h e  i n v e s t i g a t i o n .
I n  t h e  p a g e s  t h a t  f o l l o w ,  t h e  i n f o r m a t i o n  g a i n e d  w i l l  
be s e t  down, i n  a  f a c t u a l  m anner ,  w i t h  no more t h a n  
p a s s i n g  comment on t h e  s i g n i f i c a n c e  o f  t h e  f i n d i n g s  w hich  
a r e  more f u l l y  d i s c u s s e d  e l s e w h e r e .
C h a p te r  4 c o m p l e t e s  the  s e c t i o n .  I n  t h i s  c h a p t e r  
t h e r e  a r e  g i v e n  t h e  r e s u l t s  o f  t h e  i n v e s t i g a t i o n  of t h e  
c h a n g e s  w h ich  th e  u se  o f  a n t i b i o t i c s  b r i n g s  a b o u t  i n  t h e  
f l o r a  o f  t h e  n o s e s  and t h r o a t s  o f  t h e  p a t i e n t s .  T h e i r
1 9 .
r o l e  i n  the  p r e v e n t i o n  o f  c r o s s  i n f e c t i o n  i s  a l s o  
c o n s i d e r e d .
* * * * * * *
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F o t e :
A l l  t h e  b a c t e r i o l o g i c a l  f i n d i n g s  f rom t h e  e x a m i n a t i o n s  
o f  t h e  p a t i e n t s  and t h e  s t a f f  a r e  shown i n  t a b u l a r  form 
i n  t h e  a p p e n d i x .
* * * * * * * * *
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C h a p te r  I .
I n v e s t i g a t i o n  o f  t h e  P a t i e n t s .
( a )  The d i a g n o s i s  and age o f  t h e  p a t i e n t s  i n v o l v e d .  22,
( b )  The r e s u l t s  o f  t h e  i n i t i a l  sw abb ing  o f  t h e  26
p a t i e n t s .
( c )  The r e s u l t s  o f  s u b s e q u e n t  sw ab b in g s  o f  t h e  29-
p a t i e n t s .
(d )  The s i t e s  o f  i s o l a t i o n  o f  t h e  o r g a n i s m s .  33
( e )  Summary o f  f i n d i n g s .  37
* * * * *
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( a ) The d i a g n o s i s  and age  of  t h e  p a t i e n t s  i n v o l v e d .
A t o t a l  o f  131 p a t i e n t s  was a d m i t t e d  t o  t h e  ward and 
i n v e s t i g a t e d .  Not a l l  p a t i e n t s  were  s u f f e r i n g  f rom  pneumonia  
a l t h o u g h  t h e y  m ig h t  he a d m i t t e d  a s  so d o i n g .  I t  was a d v i s a b l e  
t h a t  a t t e n t i o n  he p a i d  t o  t h e  e x a c t  d i a g n o s i s  o f  t h e s e  
p a t i e n t s  i n  o r d e r  t o  d e t e r m i n e  i f  t h e  d i a g n o s i s  had any 
h e a r i n g  on t h e  o r g a n i s m s  p r e s e n t  i n  t h e  n o se  and t h r o a t  o r  on 
t h e  i n c i d e n c e  o r  t h e  e f f e c t s  o f  c r o s s  i n f e c t i o n .  S i m i l a r l y ,  
t h e  age o f  t h e  p a t i e n t s  m ig h t  he a n  i n f l u e n c i n g  f a c t o r  and a s  
su c h ,  must  he c o n s i d e r e d .
The p r o p e r  c l a s s i f i c a t i o n  o f  t h e  fo rm  o f  a  r e s p i r a t o r y  
i n f e c t i o n  may p r e s e n t  c o n s i d e r a b l e  d i f f i c u l t y  e s p e c i a l l y  i n  
t h e  young c h i l d .  On c l i n i c a l  g r o u n d s ,  i t  i s  n o t  e a s y  to  
d e c i d e  w h e t h e r  a  c h i l d  h a s  an a c u t e  b r o n c h i t i s ,  a  b r o n c h o ­
pneumonia  or  an  a c t u a l  l o b a r  or  segmental c o n s o l i d a t i o n .  
C l a s s i f i c a t i o n  by  t h e  e t i o l o g y  i s  e q u a l l y  d i f f i c u l t  a s  
6 S ^ad d ing  p o i n t e d  o u t . ( 1 9 5 3 ) .  I t  i s  o n ly  r e c e n t l y  t h a t  t h e  
im p o r t a n c e  o f  i n h a l a t i o n  o f  u p p e r  r e s p i r a t o r y  s e c r e t i o n s ,  a s  
an  e t i o l o g i c a l  f a c t o r  i n  t h e  c a u s a t i o n  o f  pneum onia ,  h a s  been 
r e a l i s e d .  Only r e c e n t l y  h a s  t h e  t e r m  v i r a l  pneumonia  b e en  
c o r r e c t l y  u s e d  f o r  i n f e c t i o n s  o f  t r u e  v i r a l  o r i g i n .
I t  was t h u s  n e c e s s a r y  t o  a d o p t  some s im p le  fo rm  of  
c l a s s i f i c a t i o n  w hich  m e r e ly  d e f i n e d  t h e  a n a t o m i c a l  s i t e  
a f f e c t e d  and t h e  main c h a r a c t e r i s t i c s  of th e  c h i l d * s  i l l n e s s .  
T h ree  d i a g n o s t i c  g r o u p s  were  fo rm ed .
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(1 )  Those p a t i e n t s  w i t h  a  m i l d  b r o n c h i t i s .  Such 
p a t i e n t s  were o n ly  m o d e r a t e l y  i l l  and had  o n ly  a  m in im a l  
s y s t e m ic  u p s e t .  Gough was t h e  m ain  c l i n i c a l  f e a t u r e  and 
p y r e x i a  was n o t  m arked .
( 2 )  Those p a t i e n t s  w i t h  a  more s e v e r e  a t t a c k  of 
b r o n c h i t i s  o r  a  b r o n c h i o l i t i s .  The p a t i e n t s  i n  t h i s  g ro u p  
were  more s h a r p l y  i l l  t h a n  t h e  f o r e g o i n g ,  symptoms o f  cough 
and b r e a t h l e s s n e s s  b e i n g  more s e v e r e  and t h e  s y s t e m i c  u p s e t  
more m arked .  The a v e r a g e  t e m p e r a t u r e  was h i g h e r  t h a n  was 
found  i n  t h e  p a t i e n t s  i n  Group I .  I n  b o t h  g r o u p s ,  t h e  x - r a y
o f  c h e s t  was c l e a r .
(3 )  Those p a t i e n t s  w i t h  pneum onia .  I n  o n l y  a b o u t  h a l f  
of  t h e  p a t i e n t s  who were  c o n s i d e r e d  t o  have  pneum onia ,  d id  
t h e  x - r a y  o f  c h e s t  show e v id e n c e  o f  t h e  pneumonic 
c o n s o l i d a t i o n .  For c o n v e n i e n c e ,  t h e s e  were c a l l e d ,  "Group 
3a" p a t i e n t s .  In  a l l  b u t  one ,  t h e  x - r a y  showed an a r e a  o f  
l o b a r  o r  a  s m a l l  a r e a  or  s m a l l  a r e a s  o f  s e g m e n t a l  
c o n s o l i d a t i o n .  I n  t h e  r e m a i n i n g  p a t i e n t ,  t h e  c o n s o l i d a t i o n  
was s c a t t e r e d  t h r o u g h o u t  b o t h  l u n g s .
I n  t h e  o t h e r  p a t i e n t s ,  who a c c o u n te d  f o r  s l i g h t l y  more 
t h a n  h a l f  o f  th e  p a t i e n t s  w i t h  pneum onia ,  t h e  x - r a y  of  c h e s t
d i d  n o t  show any e v i d e n c e  of  c o n s o l i d a t i o n  and a  d i a g n o s i s
o f  pneumonia  had t o  be made on c l i n i c a l  g ro u n d s  o n l y .  They 
were  "Group 3b" p a t i e n t s  and were o f t e n  e x t r e m e l y  i l l  w i t h  
a  h i g h  t e m p e r a t u r e ,  r a p i d  d i s t r e s s e d  r e s p i r a t i o n s  and 
c y a n o s i s .
24.
Cough was v e r y  t r o u b l e s o m e  and f r e q u e n t l y  t h e  r e s p i r a t o r y  
e m b a r ra s s m e n t  was c o n s i d e r a b l e .  On e x a m i n a t i o n  o f  t h e  c h e s t ,  
t h e r e  were o f t e n  a r e a s  o f  h a r s h  b r e a t h i n g  w i t h  w i d e s p r e a d ,  
f i n e ,  c r a c k l i n g ,  i n s p i r a t o r y  r a l e s .  T here  was u s u a l l y  a n  
a s s o c i a t e d  b r o n c h i t i s  w i t h  r h o n c h i  and c o a r s e r  r a l e s .  These  
p a t i e n t s  were  s u f f e r i n g  f rom  b ro n e h o -p n e u m o n ia  on c l i n i c a l  
g r o u n d s ,  y e t  the  x - r a y  a p p e a r e d  t o  be c l e a r .  One d oes  
however  f e e l  j u s t i f i e d  i n  b la m in g  th e  x - r a y  t e c h n i q u e  t o  
some e x t e n t  f o r  t h i s .  I t  i s  w e l l  known, t h a t  e v e n  w i t h  t h e  
m ost  e f f i c i e n t  e q u ip m e n t ,  i t  i s  d i f f i c u l t  t o  x - r a y  t h e  c h e s t  
o f  a  young c h i l d  s a t i s f a c t o r i l y  and m o re o v e r ,  i f  one d o e s  
presume t h a t  t h e  d i s t r i b u t i o n  o f  t h e  c o n s o l i d a t i o n  was 
b ro n c h o -p n e u m o n ic ,  t h e  a r e a s  -might w e l l  have  b e e n  t o o  s m a l l  
and of i n s u f f i c i e n t  d e n s i t y  t o  be r a d i o - o p a q u e .  I n  v iew  o f  
t h i s ,  t h e  w r i t e r  i s  o f  t h e  o p i n i o n  t h a t  t h e  p a t i e n t s  i n  
"Group yb" had  i n  a c t u a l  f a c t  b r o n e h o -p n e u m o n ia  w h e r e a s ,  
t h o s e  i n  "Group 3 a " ,  had l o b a r  o r  segmental pneum onia .
Of t h e  131 p a t i e n t s  a d m i t t e d  t o  t h e  ward ,  104 had 
e i t h e r  b r o n c h i t i s  o r  pneum onia .  There  were 19 p a t i e n t s  w i t h  
m i ld  b r o n c h i t i s ,  18 w i t h  s e v e r e  b r o n c h i t i s  and 67 w i t h  
pneum onia .  I n  32 o f  t h e  p a t i e n t s  s u f f e r i n g  f ro m  pneumonia  
t h e r e  was r a d i o l o g i c a l  e v i d e n c e  of  pneum onia .  I n  t h e  o t h e r  
35 p a t i e n t s  t h e  d i a g n o s i s  o f  pneumonia  was made on c l i n i c a l  
g r o u n d s  a l o n e .  As was e x p l a i n e d  ab o v e ,  th e  fo r m e r  were 
c o n s i d e r e d  t o  have  l o b a r  o r  segnsatal pneum onia ,  t h e  l a t t e r  
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25.
A f u r t h e r  2 p a t i e n t s  had  pnuem onia  and empyema due 
t o  S t a p h y l o c o c c u s  a u r e u s .
The r e m a i n i n g  p a t i e n t s ,  25 i n  number ,  fo rm ed  t h e  
" m i s c e l l a n e o u s  g r o u p " .  The c o n d i t i o n s  f ro m  which, t h e y  were 
s u f f e r i n g  a r e  shown i n  T ab le  I .  I n c l u d e d  i n  t h i s  g ro up  
were  5 n o n - i n f e c t i v e  c o n v a l e s c e n t  t r a n s f e r s  f rom  o t h e r  w a rd s .  
A l l  t h e s e  p a t i e n t s  were however  i n c l u d e d  i n  t h e  i n v e s t i g a t i o n  
s i n c e  t h e y  a l s o  c o u l d  be s o u r c e s  o r  v i c t i m s  o f  c r o s s  
i n f e c t i o n .  M o re o v e r ,  t h e y  c o n s t i t u t e d ,  a s  i t  w e r e ,  a  c o n t r o l  
g ro u p  f o r  t h e  p a t i e n t s  s u f f e r i n g  f ro m  b r o n c h i t i s  o r  p n eum onia .
The age d i s t r i b u t i o n .
A l l  p a t i e n t s  were  aged u n d e r  6 y e a r s ,  b u t  5 2 . 7  p e r  c e n t  
o f  them  were aged  u n d e r  1 y e a r .  The age d i s t r i b u t i o n  i s  
sum m arised  i n  T ab le  2.  N e o - n a t a l  p a t i e n t s  were  v i r t u a l l y  
e x c l u d e d  f rom  t h e  i n v e s t i g a t i o n .
The age o f  1 y e a r  was t a k e n  a s  a  s u i t a b l e  d i v i d i n g  l i n e  
b e tw e e n  t h e  i n f a n t  and t h e  young  c h i l d  b e c a u s e  o f  t h e  known 
s e v e r i t y  o f  r e s p i r a t o r y  i n f e c t i o n  i n  t h e  c h i l d  o f  1 y e a r  and  
u n d e r  and  b e c a u s e  t h e s e  c h i l d r e n  a r e  e s p e c i a l l y  p ro n e  t o  
c r o s s  i n f e c t i o n .  ( M e d i c a l  R e s e a r c h  C o u n c i l ,  1 9 5 1 ) .
I t  was n o t e d  t h a t  m os t  o f  t h e  c h i l d r e n  s u f f e r i n g  f rom 
p n e u m o n ia  w hich  was c o n f i r m e d  r a d i o l o g i c a l l y , were  aged  
o v e r  1 y e a r ,  w h e r e a s ,  when t h e  pneum onia  was n o t  so c o n f i r m e d ,  
and t h e  d i a g n o s i s  made on c l i n i c a l  g ro u n d s  a l o n e ,  t h e  c h i l d  
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( b ) The R e s u l t s  o f  th e  I n i t i a l  Swabbing of  t h e  P a t i e n t s .
There  was i s o l a t e d  f ro m  t h e  n o se  o r  t h r o a t  of 6 1 .8  p e r  
c e n t  of th e  p a t i e n t s ,  a  pneumococcus;  f rom  1 8 . 3  VeT c e n t  
S t r e p t o c o c c u s  py og en es  and f ro m  1 7 .6  p e r  c e n t  S t a p h y l o c o c c u s  
a u r e u s .
On c o m p a r in g  t h e  f i n d i n g s  f o r  t h e  104 p a t i e n t s  
s u f f e r i n g  f rom  e i t h e r  b r o n c h i t i s  o r  pneumonia  w i t h  t h o s e  f o r  
t h e  25 p a t i e n t s  i n  t h e  ’’m i s c e l l a n e o u s  g ro u p "  one f i n d s  t h a t  
t h e  f i g u r e s  t o  be compared a r e  6 6 .3  p e r  c e n t  and 48 p e r  c e n t  
f o r  t h e  pneumococcus,  1 2 .5  p e r  c e n t  and 44 p e r  c e n t  f o r  t h e  
s t r e p t o c o c c u s  and 1 5 . 4  p e r  c e n t  and 24 p e r  c e n t  f o r  t h e  
s t a p h y l o c o c c u s .  (T ab le  4 ) .
The h i g h e r  p n eum ococca l  and t h e  lo w e r  s t r e p t o c o c c a l  
i s o l a t i o n  r a t e  f o r  t h e  fo r m e r  g ro u p  of  p a t i e n t s ,  i s  o f  l i t t l e  
s i g n i f i c a n c e ,  c o n s i d e r i n g  t h e  d i s s i m i l a r  t o t a l s  i n v o l v e d  i n  
t h e  two g r o u p s  and t h e  mixed p o p u l a t i o n 1 o f  t h e  " m i s c e l l a n e o u s  
g r o u p . "
I t  was n o t e d  t h a t  f r e q u e n t l y  t h e  h e a v i n e s s  of  t h e  
g ro w th  of  pneumococci  on t h e  c u l t u r e  p l a t e  f rom  t h e  n o s e  and 
t h r o a t  swabs was c o n s i d e r a b l e ,  and e s p e c i a l l y  was t h i s  so 
when t h e  p a t i e n t s  were s u f f e r i n g  f rom  b r o n c h i t i s  o r  pneum onia .  
One was g i v e n  th e  i m p r e s s i o n  t h a t  t h i s  g r o w th  was h e a v i e r  
t h a n  t h a t  u s u a l l y  o b t a i n e d  when pneum ococc i  a r e  i s o l a t e d  f rom  
swabs t a k e n  f rom  h e a l t h y  c h i l d r e n .  U n f o r t u n a t e l y  t h e  w r i t e r  
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t h i s  p o i n t .
S t r e p t o c o c c u s  p y o g en es  on t h e  o t h e r  h a n d ,  was n e v e r  
i s o l a t e d  f r e e l y  f rom  t h e  p a t i e n t s  and o f  t h e  16 p a t i e n t s  
who c a r r i e d  S t a p h y lo c o c c u s  a u r e u s ,  o n ly  7 c a r r i e d  t h e  
o r g a n i s m  i n  any g r e a t  q u a n t i t y .
The Type o f  Pneumococcus I s o l a t e d .
Only one t y p e  of pneumococcus was i s o l a t e d  f ro m  t h e  
m a j o r i t y  ( 8 6 . 4  p e r  c e n t )  o f  th e  p a t i e n t s  c a r r y i n g  a  
pneum ococcus .  I n  a  f u r t h e r  1 2 .3  p e r  c e n t ,  two t y p e s  o f  
pneum ococc i  were  i s o l a t e d  and f r o m  t h e  r e m a i n i n g  1 . 2  p e r  c e n t  
(one  p a t i e n t )  t h r e e  t y p e s  were i s o l a t e d .  Of a l l  t h e  
pneu m o co cca l  t y p e s ,  t y p e s  23 and 6 were  m ost  f r e q u e n t l y  
i s o l a t e d  and e a c h  a c c o u n te d  f o r  1 8 .3  p e r  c e n t  o f  t h e  
i s o l a t i o n s .  The n e x t  most  f r e q u e n t l y  fo u n d  was t y p e  19 ,  t h e n  
t y p e s  1 and 14 ,  t h e n  t y p e s  11 and 21 .  C o n s i d e r i n g  o n l y  t h e  
p a t i e n t s  w i t h  e i t h e r  " b r o n c h i t i s  o r  pneumonia  t h e  same t y p e  
p r e v a l e n c e  was o b s e r v e d .
T a b le  5 f u r t h e r  shows t h a t ,  w i t h  t h e  e x c e p t i o n  o f  t y p e  
1 ,  t h e  pneum ococcal  t y p e s  a s s o c i a t e d  w i t h  a d u l t  pneumonia  
were  se ldom  i s o l a t e d  f ro m  t h o s e  young p a t i e n t s .
C o r r e l a t i o n  o f  t h e  B a c t e r i o l o g i c a l  f i n d i n g s  w i t h :
a )  t h e  d i a g n o s t i c  c a t e g o r y  o f  t h e  p a t i e n t .
b )  t h e  age  o f  t h e  p a t i e n t .
a )  P a t i e n t s  s u f f e r i n g  f ro m  pneumonia  were  c a r r i e r s  o f  
pneum ococc i  more f r e q u e n t l y  t h a n  t h o s e  s u f f e r i n g  f rom  
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b e c a u s e  o f  t h e  d i f f e r e n t  num bers  of p a t i e n t s  i n v o l v e d .  The 
p e r c e n t a g e  o f  pneum ococca l  c a r r i e r s  was how ever  s i g n i f i c a n t l y  
h i g h e r  when th e  pneumonia  was c o n f i r m e d  r a d i o l o g i c a l l y ,  i . e .  
pneumonia  of a  l o b a r  o r  segmental d i s t r i b u t i o n  t h a n  when i t  
was n o t  so c o n f i r m e d ,  i . e .  pneumonia  o f  a  b roncho p neum on ic  
d i s t r i b u t i o n .  No t y p e  o f  pneumococcus was e s p e c i a l l y  found  
i n  a n y  p a r t i c u l a r  d i a g n o s t i c  c a t e g o r y .
F i n a l l y ,  t h e  number o f  c a r r i e r s  o f  S t r e p t o c o c c u s  
p y o g e n es  and S t a p h y l o c o c c u s  a u r e u s  i n  any  p a r t i c u l a r  
d i a g n o s t i c  c a t e g o r y  was t o o  s m a l l  f o r  t h e  p u r p o s e s  o f  
c o m p a r i s o n .  (T ab le  6 ).
b )  Pneumococci  were  i s o l a t e d  more f r e q u e n t l y  f rom  p a t i e n t s  
aged  o v e r  1 y e a r  t h a n  f ro m  p a t i e n t s  aged  u n d e r  1 y e a r .  For  
t h e  S t a p h y l o c o c c u s  a u r e u s  t h e  c o n v e r s e  was t r u e .  (T a b le  7 . )
I n  i n t e r p r e t i n g  t h e  d i f f e r e n c e  b e tw een  t h e  two age  
g r o u p s ,  a s  r e g a r d s  pneum ococca l  i s o l a t i o n ,  one m ust  remember 
t h a t  most  of  th e  p a t i e n t s  w i t h  a  r a d i o l o g i c a l l y  p roved  
pneumonia  were  aged  o v e r  1 y e a r  and t h o s e  p a t i e n t s  have  
a l r e a d y  been  shown t o  have  a  h i g h  i s o l a t i o n  r a t e  f o r  
p neum o co cc i .
I t  would t h e r e f o r e  seem t h a t ,  when pneumonia  o c c u r s  i n  
a  c h i l d  o v e r  1 y e a r  t h e r e  i s  f r e q u e n t l y  r a d i o l o g i c a l  
c o n f i r m a t i o n  o f  a  l o b a r  o r  segnental c o n s o l i d a t i o n ,  and m o r e o v e r ,  
pneum ococc i  a r e  more f r e q u e n t l y  i s o l a t e d  f ro m  t h o s e  p a t i e n t s ,  
e i t h e r  a s  a  r e s u l t  o f  t h e i r  o l d e r  age o r  a s  a  r e s u l t  o f  t h e  
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29.
The t y p e  p r e v a l e n c e  i n  th e  two g r o u p s  was i n v e s t i g a t e d  
and i t  was fo u n d  t h a t  a l l  5 i s o l a t i o n s  o f  t y p e  I  were f rom  
p a t i e n t s  o v e r  1 y e a r  i n  a g e .  F u r t h e r m o r e ,  t y p e  6 a c c o u n t e d  
f o r  2 9 .5  p e r  c e n t  o f  i s o l a t i o n s  f rom  th e  o l d e r  g ro u p  w h e r e a s  
i t  a c c o u n te d  f o r  o n ly  5 . 4  p e r  c e n t  of  i s o l a t i o n s  f ro m  t h e  
y o u n g e r  g ro u p  o f  p a t i e n t s  aged  u n d e r  1 y e a r .  O th e r  t y p e s  
o c c u r r e d  w i t h  e q u a l  p r e v a l e n c e  i n  t h e  two g r o u p s .
( ° )  The R e s u l t s  o f  S u b s e q u e n t  Swabbings o f  t h e  P a t i e n t s .
A l l  p a t i e n t s  were  swabbed on t h e i r  e i g h t h  day i n  
h o s p i t a l .  I n  t h o s e  p a t i e n t s  r e c e i v i n g  c h e m o th e r a p y ,  t h i s  
c o r r e s p o n d e d  to  t h e  day  f o l l o w i n g  c e s s a t i o n  o f  t r e a t m e n t .  
Swabs were a l s o  t a k e n  on t h e  day o f  d i s m i s s a l ,  i f  t h i s  w e r e . 
more t h a n  two d a y s  a f t e r  t h e  e i g h t h  day .  I n  t h o s e  p a t i e n t s  
who were i n  h o s p i t a l  f o r  more t h a n  two w eeks ,  swabs were 
t a k e n  a t  w e e k ly  i n t e r v a l s  u n t i l  d i s m i s s a l ,  when f u r t h e r  
swabs were t a k e n .  Shou ld  t h e r e  be any r e l a p s e  i n  t h e  
c l i n i c a l  c o n d i t i o n ,  o r  symptoms s u g g e s t i v e  o f  a n  a c q u i r e d  
i n f e c t i o n ,  swabs were  a l s o  t a k e n .
I n  a l l ,  514 sw ab b in g s  were made f ro m  t h e  t o t a l  o f  131  
p a t i e n t s  (an  a v e r a g e  o f  3 .9  p e r  p a t i e n t ) .  The num bers  o f  
p a t i e n t s  swabbed once and more o f t e n  a r e  sum m arised  i n  
T a b le  8 . where  i t  w i l l  be s e e n  t h a t  t h e  l a r g e s t  number of  
sw ab b in g s  f o r  one p e r s o n  was f i f t e e n .
The 3 p a t i e n t s  who were o n ly  swabbed once were  ( l )  a  
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30.
a d m i s s i o n .  ( 2 )  The f a t a l  c a s e  of s t a p h y l o c c a l  pneumonia  
and empyema and ( 3 ) a  p a t i e n t  who was t r a n s f e r r e d  t o  a n o t h e r  
ward a  few days  a f t e r  a d m i s s i o n .  The m a j o r i t y  o f  t h e  19 
p a t i e n t s  swabbed o n ly  t w i c e  were  d i s m i s s e d  one o r  two d ay s  
a f t e r  t h e  second  sw abb ing .  A few were  n o t  swabbed on 
d i s m i s s a l  b e c a u s e  o f  p r e s s u r e  o f  work.
Changes i n  c a r r i e r  r a t e s  of t h e  v a r i o u s  o r g a n i s m s .
R e s u l t s  f rom  th e  f i r s t ,  second  and t h i r d  sw ab b in g s  
can  be compared i n  T ab le  9* L a t e r  sw ab b in gs  a r e  n o t  m e n t i o n e d  
b u t  a r e  r e l a t i v e l y  so few i n  number t h a t  c o m p a r i s o n  would 
be f a l l a c i o u s .  T here  was c o n s i d e r a b l e  d i f f e r e n c e ,  f ro m  one 
sw abbing  t o  a n o t h e r ,  i n  t h e  p e r c e n t a g e  o f  p a t i e n t s  c a r r y i n g  
e a c h  o rg a n i s m .  The v a r i o u s  o r g a n i s m s  w i l l  be c o n s i d e r e d  
s e p a r a t e l y .
The Pneumococcus.
On a d m i s s i o n ,  81 o f  th e  p a t i e n t s  c a r r i e d  a  pneum ococcus .  
D e s p i t e  t h e  f a l l  i n  t h e  p e r c e n t a g e  o f  p a t i e n t s  c a r r y i n g  a 
pneumococcus a t  t h e  seco n d  sw abb ing ,  a n o t h e r  14 p a t i e n t s  had  
become c a r r i e r s  o f  a  pneumococcus .  A f u r t h e r  10 p a t i e n t s  
a c q u i r e d  a pneumococcus f o r  th e  f i r s t  t im e  a t  t h e  t h i r d  
sw abb in g .  Two o t h e r  p a t i e n t s  a c q u i r e d  a  pneum ococcus ,  one 
a t  t h e  f o u r t h  and one a t  t h e  s e v e n t h  sw ab b in g .  Thus, o f  
131  p a t i e n t s  a d m i t t e d ,  107 ( 8 1 . 7 $ )  c a r r i e d  a  pneumococcus 
and o f  t h e  104 p a t i e n t s  s u f f e r i n g  f rom  b r o n c h i t i s  or 
pneum onia ,  88 ( 8 4 . 6$ )  c a r r i e d  a  pneumococcus  w h i l e  i n  
h o s p i t a l .
31.
When t h e  pneumococci  a r e  c o n s i d e r e d  a s  i n d i v i d u a l  
t y p e s ,  one f i n d s  t h a t  some o f  t h e  p a t i e n t s  c a r r i e d  more 
t h a n  one t y p e  w h i l e  i n  h o s p i t a l .  Thus, i n s t e a d  o f  w ha t  
would a p p e a r  t o  be 26 p a t i e n t s  a c q u i r i n g  a  pneumococcus 
a f t e r  a d m i s s i o n ,  one f i n d s  t h a t  a c t u a l l y  48 p a t i e n t s  
a c q u i r e d  a  new ty p e  of  pneumococcus.  Of t h e s e ,  14  
a c q u i r e d  two new t y p e s  a f t e r  a d m i s s i o n .  F u r t h e r m o r e ,  one 
f i n d s  t h a t  a l t h o u g h  a p a t i e n t  may a p p e a r  t o  have  l o s t  a  
pneum ococcus ,  t h e  same ty p e  may r e a p p e a r  i n  l a t e r  s w a b b in g s .  
The a c q u i s i t i o n  of  t h e s e  new t y p e s  and t h e  p r o b a b l e  s o u r c e s  
f ro m  w h ich  t h e y  came, a r e  d i s c u s s e d  l a t e r .
S t r e p t o c o c c u s  p y o g e n es .
A l th o u g h  t h e r e  was a f a l l  i n  th e  p e r c e n t a g e  of  p a t i e n t s  
c a r r y i n g  S t r e p t o c o c c u s  py o genes  i n  sw ab b in g s  a f t e r  t h e  f i r s t ,  
25 p a t i e n t s  a c q u i r e d  S t r e p t o c o c c u s  p yo g e n es  a f t e r  a d m i s s i o n .  
I n  a l l ,  49 p a t i e n t s  ( 3 8 . 2$ )  c a r r i e d  t h i s  o r g a n i s m .  T h i r t y -  
two o f  t h e s e  p a t i e n t s  were  f rom  t h e  g ro u p  o f  104 p a t i e n t s  
s u f f e r i n g  f ro m  b r o n c h i t i s  or pneumonia  ( 3 0 * 8 $ ) .  I n  m ost  o f  
t h e  p a t i e n t s ,  o n ly  a  few c o l o n i e s  grew f ro m  th e  swabs ,  b u t  
i n  8 p a t i e n t s ,  a  c o n s i d e r a b l e  number of  c o l o n i e s  were 
i s o l a t e d .  A l l  of  t h e s e  8 p a t i e n t s  a c q u i r e d  t h e  o r g a n i s m  
a f t e r  a d m i s s i o n  to  t h e  w ard .  I n  o n ly  2 o f  t h e s e  p a t i e n t s  
were  t h e r e  any symptoms of i l l n e s s  p r e s u m a b ly  due t o  t h e  
a c q u i s i t i o n  o f  S t r e p t o c o c c u s  p y o g e n e s .
32.
S t a p h y l o c o c c u s  a u r e u s .
I t  was i n  t h e  f r e q u e n c y  o f  i s o l a t i o n  o f  t h i s  o r g a n i s m  
t h a t  t h e r e  was m o s t  change  i n  s u b s e q u e n t  s w a b b in g s .  W hereas  
23 p a t i e n t s  c a r r i e d  t h i s  o rg a n i s m  when swabbed f o r  t h e  f i r s t  
t i m e ,  46 p a t i e n t s  were f o u n d  t o  be c a r r y i n g  S t a p h y l o c o c c u s  
a u r e u s  when swabbed f o r  t h e  second  t i m e .  Of t h e s e ,  o n l y  4 
had  p r e v i o u s l y  c a r r i e d  t h e  o r g a n i s m .  Thus,  42 ( 3 2 . 1 $ )  o f  
t h e  p a t i e n t s  a c q u i r e d  S t a p h y l o c o c c u s  a u r e u s  a f t e r  b e i n g  
a p p r o x i m a t e l y  one week i n  t h e  w ard .  Twenty o f  t h e s e  p a t i e n t s  
s t i l l  c a r r i e d  i t  when swabbed a  t h i r d  t im e  and  a  f u r t h e r  17 
a c q u i r e d  t h e  o r g a n i s m  f o r  t h e  f i r s t  t im e  a t  t h e i r  t h i r d  
sw ab b ing .  F i n a l l y ,  3 more p a t i e n t s  a c q u i r e d  t h i s  o rg a n i s m  
on t h e  f o u r t h  and 2 on t h e  s i x t h  sw ab b in g .
The t o t a l  number o f  p a t i e n t s  c a r r y i n g  a  S t a p h y l o c o c c u s  
a u r e u s  a t  one t im e  o r  a n o t h e r  was 87 ( '66 .4$)  • Of t h e  104 
p a t i e n t s  w i t h  b r o n c h i t i s  o r  pneum onia  71 ( 6 8 . 2 $ )  c a r r i e d  t h e  
o r g a n i s m  w h i l e  i n  h o s p i t a l ,  55 more t h a n  on a d m i s s i o n .  T ha t  
su c h  a  m arked  i n c r e a s e  s h o u ld  o c c u r  i n  h o s p i t a l  s u g g e s t s  
e i t h e r  t h e  i n f e c t i o n  o f  p a t i e n t s  by o t h e r  p a t i e n t s  o r  by 
members o f  t h e  m e d i c a l ,  n u r s i n g  o r  d o m e s t i c  s t a f f  i n  c o n t a c t  
w i t h  t h e  p a t i e n t s .
R e s u l t s  o f  Swabbing when C l i n i c a l  f e a t u r e s  s u g g e s t e d  a 
r e l a p s e  or  an a cq u ir ed  i n f e c t i o n .
W hile  i n  h o s p i t a l ,  21 o f  t h e  p a t i e n t s  h a d  a  r e l a p s e  
i n  t h e i r  c l i n i c a l  c o n d i t i o n  o r  showed some f e a t u r e  which
s u g g e s t e d  an  i n f e c t i o n ,  newly a c q u i r e d .
33.
T hree  of  t h e  p a t i e n t s  had  2 s u c h  i n c i d e n t s .
On e a c h  o c c a s i o n ,  swahs were t a k e n  f ro m  t h e  n o se  and 
t h r o a t .  No c h a n g e ,  o r  a t  l e a s t  no a p p r e c i a b l e  change  was 
fo u n d  i n  t h e  b a c t e r i o l o g i c a l  f l o r a  o f  t h e  n o se  and t h r o a t  
i n  13 ,  t h a t  i s  i n  t h e  m a j o r i t y  o f  i n s t a n c e s .  I n  a  f u r t h e r  
2, a  pneumococcus had  b een  a c q u i r e d ;  i n  4,  S t r e p t o c o c c u s  
p yo g e n es  and i n  5, S t a p h y l o c o c c u s  a u r e u s  had b e en  a c q u i r e d .
A d e t a i l e d  d e s c r i p t i o n  o f  t h e  v a r i o u s  i n s t a n c e s  s u g g e s t i n g  
a  r e l a p s e  o r  a n  a c q u i r e d  i n f e c t i o n  i s  g i v e n  i n  S e c t i o n  3.
( d )  The S i t e s  o f  I s o l a t i o n  o f  t h e  O rgan ism s .
I t  was a p p a r e n t  f rom  the b a c t e r i o l o g i c a l  f i n d i n g s  t h a t  
t h e  v a r i o u s  o rg a n i s m s  seemed t o  f a v o u r  d i f f e r e n t  p a r t s  o f  
t h e  n o se  o r  t h r o a t  f o r  t h e i r  e n v i r o n m e n t .  To f i n d  o u t  
e x a c t l y  how t r u e  t h i s  was,  t h e  v a r i o u s  c a r r i e r  r a t e s  f o r  t h e  
o r g a n i s m s  u n d e r  q u e s t i o n  i n  a )  t h e  a n t e r i o r  n o s e ,  b )  t h e  
p o s t e r i o r  n o se  and c )  t h e  t h r o a t ,  were  com pared .  (T a b le  1 0 ) .
The pneumococcus was fo u nd  most  o f t e n  i n  t h e  p o s t e r i o r  
n o se  b u t  a l s o  o c c u r r e d  f r e q u e n t l y  i n  t h e  a n t e r i o r  n o s e .  The 
t h r o a t  was th e  s i t e  o f  i s o l a t i o n  i n  a  s m a l l e r  number o f  
i n s t a n c e s .  A c o n s i d e r a b l e  p r o p o r t i o n  o f  the  p a t i e n t s ,  4 0 .7  
p e r  c e n t ,  c a r r i e d  a  pneumococcus i n  b o t h  t h e  a n t e r i o r  and 
t h e  p o s t e r i o r  n o s e ,  and i n  2 8 .4  p e r  c e n t ,  t h e  t h r o a t  was 
a d d i t i o n a l l y  i n v o l v e d .
S t r e p t o c o c c u s  pyogenes  was i s o l a t e d  m ost  f r e q u e n t l y  
f ro m  t h e  t h r o a t .  The nose  was l e s s  o f t e n  the  s o u r c e  b u t  
when i t  was,  t h e  p o s t e r i o r  nose  was i n v o l v e d  more o f t e n
TABLE 1 0 .
Showing th e  number o f  i s o l a t i o n s  o f  t h e  
v a r i o u s  o r g a n i s m s  f rom  t h e  v a r i o u s  s i t e s :
( a )  A dm iss io n  R e s u l t s :
S i t e  o f  I s o l a t i o n Pneumo. S. pyog. S. a w .
No. # . No. . # . No. 0^/°.
P .N .  only. 15 1 8 .5 5 2 0 .8 6 26
A, N • Only. 5 6 .2 1 4 .2  . 11 48
T . 1 1 . 2 15 6 2 .5 1 4 .3
P.N. + A.N. 33 4 0 .7 1 4 .3
P.N. + T. 4 4 .9
A.N. + T. 3 1 2 .5 1 4 .3
P.N. + A.N. + T. 23 2 8 .4 3 1 3 . 1
TOTAL: 81 9 9 .9 24 1 0 0 . 0 23 1 0 0 . 0
P.N. 75 4 5 .8 5 1 8 .5 10 3 2 .3
A.N. 61 3 7 .2 4 1 4 .8 16 5 1 .6
T. 28 1 7 . 0 18 6 6 .6 5 1 6 . 1
TOTAL: 164 1 0 0 . 0 27 9 9 .9 31 100 .  0
I s o l a t i o n  r a t e  f o r  
131  a d m i s s i o n s : 6 1 .8 # 1 8 . 3 # 17. 6#
P.N. = P o s t e r i o r  n o s e .  
A.N. = A n t e r i o r  n o se .  
T. = T h r o a t .
3313.
TABLE 10.
("b) R e s u l t s  from a l l  swabbings made:
S i t e  o f  I s o l a t i o n Pneurno . S. pyog. S. a u r .
No. 1o. No. 1°• No. r  •
P.N . or»)y. 74 2 5 .0 l b 2 0 .5 18 1 0 . 8
A.N. . 14 4 .7 3 3 . 8 69 4 1 .3
T. dn!*j. 3 1 . 0 52 6 6 .7 6 3.6
P.N. + A.N. 154 5 2 .0 61 36.5
P.N. + T. 9 .  3 . 0 4 2.4
A.N. + T. 2 0 .7 5 6 . 4 2 1.2
P.N. + A.N. + T. 40 1 3 .5 2 2 .6 7 4.2
TOTAL: 29b 9 9 .9 78 100 167 100.
P.N. 277 5 1 .2 18 2 0 .7 90 36.3
A.N. 210 3 8 .8 10 1 1 .5 139 56.0
T. 54 1 0 . 0 59 6 7 .8 19 7.7
TOTAL: 541 1 0 0 .0  87 1 0 0 . 0  248 1 0 0 .
TABLE I I .
Showing th e  s i t e s  o f  i s o l a t i o n  when S t r e p t o c o c c u s  pyogenes
occurred i n  q u a n t i t y .
S e r i a l  ho .  
o f  P a t i e n t .
S e r i a l  No. 
of
Swabbing.











124 2 - T++
128 4 T++
+ = s c a n t y  c o l o n i e s .
++ = m o d e r a te  number o f  c o l o n i e s .  
+++ = l a r g e  number o f  c o l o n i e s .
t h a n  t h e  a n t e r i o r  n o s e ,  S i m u l t a e n o u s  i s o l a t i o n  f rom  more 
t h a n  one s i t e  se ldom  o c c u r r e d .
The p o s t e r i o r  n o se  was h e a v i l y  i n f e c t e d  i n  o n ly  2 o f  
t h e  8 p a t i e n t s  c a r r y i n g  S t r e p t o c o c c u s  p y o g e n e s  i n  c o n s i d e r a b l e  
n u m b ers .  I n  t h e  r e m a i n i n g  6, t h e  t h r o a t  was t h e  s i t e  w h ich  
was h e a v i l y  i n f e c t e d  w i t h  s t r e p t o c o c c i .  ( T a b le  I I ) .
I n  c o n t r a s t  t o  t h e  o t h e r  two o r g a n i s m s  S t a p h y l o c o c c u s  
a u r e u s  f a v o u r e d  p a r t i c u l a r l y  t h e  a n t e r i o r  n o se  a s  i t s  
e n v i r o n m e n t .  The p o s t e r i o r  n o se  was i n v o l v e d  t o  a  l e s s e r  
e x t e n t  and  th e  t h r o a t ,  even  l e s s  f r e q u e n t l y .
Y/hen one c o n s i d e r s  t h e  f i n d i n g s  f rom  n o t  o n ly  t h e  f i r s t  
b u t  f rom a l l  sw ab b in g s ,  one f i n d s  a  s i m i l a r  t e n d e n c y  f o r  
e a c h  o rg a n i s m  t o  o c c u r  e s p e c i a l l y  i n  one p a r t  o f  t h e  n o se  
o r  t h r o a t .  F u r t h e r m o r e ,  one f i n d s  t h a t  S t a p h y l o c o c c u s  a u r e u s  
a l s o  o c c u r r e d  s i m u l t a n e o u s l y  i n  t h e  a n t e r i o r  and  t h e  p o s t e r i o r  
nose  i n  a  number o f  i n s t a n c e s .  T h i s  o c c u r r e d  i n  3 6 .5  p e r
c e n t  o f  a l l  p o s i t i v e  sw ab b in g s .  A l th o u g h  h i g h ,  t h e  f i g u r e  
was however  n o t  a s  g r e a t  a s  t h e  c o m p arab le  f i g u r e  f o r  t h e  
pneumococcus ,  52 p e r  c e n t .
S i t e s  o f  I s o l a t i o n  o f  M u l t i p l e  t y p e s  o f  Pneum ococcus .
On 17 o c c a s i o n s  t h r o u g h o u t  t h e  i n v e s t i g a t i o n  a  p a t i e n t  
was f o u n d ,  when swabbed, t o  have  more t h a n  one t y p e  o f  
pneumococcus  p r e s e n t .  I n  16 o f  t h e s e  p a t i e n t s ,  pneum ococc i  
were i s o l a t e d  f rom more t h a n  one o f  t h e  t h r e e  s i t e s  swabbed.  
The q u a n t i t i e s  i s o l a t e d  v a r i e d  f rom  t h e  v a r i o u s  s i t e s .  A lmost  
e ac h  i n s t a n c e  v a r i e d  i n  t h e  c o m b i n a t i o n  o f  s i t e s  i n v o l v e d
35.
and i n  t h e  num bers  o f  pneum ococc i  o f  e a c h  ty p e  p r e s e n t  i n  
e a c h  s i t e .  I t  would  seem, how ever ,  t h a t  when m u l t i p l e  t y p e s  
o c c u r ,  more t h a n  one s i t e  i s  u s u a l l y  i n v o l v e d  and m o re o v e r ,  
t h e  u s e  o f  t h e  a n t e r i o r  n o se  swab i n c r e a s e s  t h e  l i k e l i h o o d  
o f  a  seco n d  t y p e  b e i n g  f o u n d .  Of t h e  17 o c c a s i o n s  i n  t h i s  
s e r i e s  where  more t h a n  one ty p e  was i s o l a t e d ,  o n ly  9 would 
have  b e e n  d i s c o v e r e d  i f  t h e  a n t e r i o r  n o se  h a d  no t  been  
exam ined .
D e t a i l s  o f  t h e  i s o l a t i o n  o f  an o rg a n is m  f rom  more t h a n  
one o f  t h e  t h r e e  s i t e s  exam ined .
When t h e  r e s u l t s  o f  t h e  sw ab b ing s  were  r e c o r d e d ,  a  
r o u g h  e s t i m a t e  was made o f  t h e  number o f  c o l o n i e s  o f  e a c h  
o rg a n i s m  p r e s e n t .  I f  c o l o n i e s  were  s c a n t y ,  t h e  q u a n t i t y  
was d e n o te d  by  M+If, i f  i n  l a r g e  amount t h r o u g h o u t  t h e  p l a t e  
by l,+++fl, i f  i n  o n ly  m o d e ra te  amount by By t h i s
means i t  was p o s s i b l e  t o  compare t h e  number o f  o r g a n i s m s  
p r e s e n t  i n  one s i t e  w i t h  t h e  number i n  a n o t h e r .  ( T a b le  1 2 ) .
The pneumococcus was t h e  o rg a n i s m  m ost  f r e q u e n t l y  
i s o l a t e d  f rom  more t h a n  one s i t e .  W hether  2 o r  3 s i t e s  
were i n v o l v e d ,  t h e  u s u a l  f i n d i n g  was t h a t  no p a r t i c u l a r  s i t e  
was more h e a v i l y  i n f e c t e d  t h a n  a n o t h e r  ( i n  8 1 . 5 $  o f  a l l  
i n s t a n c e s ) .  Where t h e r e  was a  d i f f e r e n c e  b e tw e e n  t h e  
g ro w th  f rom one s i t e  and a n o t h e r ,  t h e  t e n d e n c y  was f o r  t h e  
p o s t e r i o r  n ose  t o  p ro d u c e  a  h e a v i e r  g row th  t h a n  e i t h e r  t h e  
a n t e r i o r  n o se  o r  t h e  t h r o a t .
L i t t l e  can  be s a i d  a b o u t  S t r e p t o c o c c u s  p y o g e n e s  s i n c e ,
35 a
TABLE 12.
Showing t h e  r e l a t i v e  number of c o l o n i e s  o f  each  o rg a n i s m  
o b t a i n e d  f rom th e  v a r i o u s  s i t e s  of i s o l a t i o n  when more 
t h a n  one s i t e  was i n v o l v e d .
A l l  sw abb ings :
S i t e s  o f  
I s o l a t i o n . Pneumo. S. f y o g . S. a u r .
P .N. + A.N. 154 Q 61
No. 1° No. <f> No. £
P.N. = A.N. 137 8 9 .0 41 6 7 .2
P.N. > A.N. 7 4 .5 8 1 3 .1
P.N. < A.N. 3 1 . 9 12 1 9 .7
+ doub le  
t y p e s : +7 + 4 .5
P.N. + T. 9 0 4
No. i° No. io No. £
P.N. = T. 3 3 3 .3 2 5 0 .0
P.N. > T. 3 3 3 .3 1 2 5 .0
P.N. < T. 1 1 1 .1 1 2 5 .0
+ d ou b le  
t y p e s : +2 22.2
A.N. + T. 2 5 2
No. $> No. io No. *
A.N. = T. 1 5 0 .0 5 1 0 0 . 0 2 1 0 0 . 0
A.N. > T. 1 5 0 .0
35b.
TABLE 12 ( C o n t i n u e d ) .
S i t e s  o f  
I s o l a t i o n . Pneumo. S. pyog. S . a u r .
40 2 7
PN+M+T: No. * No. No. *
PN=AN=T 26 6 5 . 0 2 28 .6
PN=AN>T 4 1 0 . 0 1 1 4 .3
T>PN=AN 2 1 0 0 . 0 1 1 6 .3
m ym =T 2 5 . 0
PN<AN=T 2 2 8 .6
(P N > M > T 1 1 4 .3
+ d o u b le  
t y p e s :
7 1 7 .5
3 6 .
i n  o n l y  7 sw ab b ing s  was th e  o rg a n i s m  p r e s e n t  i n  more t h a n  
one s i t e .  E q u a l  num bers  o f  o r g a n i s m s  were i s o l a t e d  from 
e a c h  s i t e  i n  5 o f  t h e  7 i n s t a n c e s .
S t a p h y l o c o c c u s  a u r e u s  however  o c c u r r e d  i n  b o t h  t h e  
a n t e r i o r  and  t h e  p o s t e r i o r  n o se  i n  61 s w a b b in g s .  I n  67 .2  
p e r  c e n t  o f  t h e s e ,  an e q u a l  number o f  o r g a n i s m s  was 
i s o l a t e d  f rom  t h e  two s i t e s .  The a n t e r i o r  n o se  was however  
mar e h e a v i l y  i n f e c t e d  i n  1 9 . 7  p e r  c e n t  and  th e  p o s t e r i o r  
n o s e ,  i n  t h e  r e m a i n i n g  1 3 .1  p e r  c e n t .  O th e r  c o m b i n a t i o n s  
o f  s i t e s  o f  i s o l a t i o n  o c c u r r e d  t o o  i n f r e q u e n t l y  f o r  one t o  
fo rm  any o p i n i o n  a s  t o  which  s i t e  was u s u a l l y  m ost  h e a v i l y  
i n f e c t e d .
I n  c o n c l u s i o n  one can  s a y  t h a t  a l t h o u g h  t h e  pneumo- 
c o c c u s ,  S t r e p t o c o c c u s  p y o g e n e s  and  S t a p h y l o c o c c u s  a u r e u s  
can  e a c h  o c c u r  i n  t h e  a n t e r i o r  n o s e ,  t h e  p o s t e r i o r  n ose  and 
t h e  t h r o a t ,  e ac h  h a s  i t s  s i t e  o f  e l e c t i o n .  When more t h a n  
one s i t e  i s  i n v o l v e d  i t  i s  u s u a l  f o r  e a c h  s i t e  t o  be 
i n f e c t e d  w i t h  e q u a l  h e a v i n e s s  b u t  i f  n o t ,  t h e  commoner s i t e  
o f  i s o l a t i o n  i s  t h e  more h e a v i l y  i n f e c t e d .  T h i s  f a v o u r i n g  
o f  a  p a r t i c u l a r  s i t e  h a s ,  one f e e l s ,  an i m p o r t a n t  p a r t  t o  
p l a y  i n  t h e  e a s e  w i t h  which  and t h e  m ethod  by  which  an  
o rg a n i s m  from one i n d i v i d u a l  can  p a s s  t o  a n o t h e r .  As s u c h ,  
i t  i s  a  f a c t o r  o f  c o n s i d e r a b l e  i m p o r t a n c e  i n  any s t u d y  on 
c r o s s  i n f e c t i o n  i n v o l v i n g  t h e s e  p a r t i c u l a r  o r g a n i s m s .
37.
( e)  Summary o f  F i n d i n g s .
1 ) . The p a t i e n t s  i n v o l v e d  i n  t h i s  s tu d y  were t h e  131
c h i l d r e n  a d m i t t e d  t o  a  w ard ,  s e t  a s i d e  f o r  t h e  t r e a t m e n t  
o f  c h i l d r e n  s u f f e r i n g  f rom  pneum onia .  They were 
a d m i t t e d  be tw ee n  O c to b e r  1949 and  A p r i l  1950 .
2 ) .  Of t h e s e  p a t i e n t s ,  104 were fo u n d  t o  have an a c u t e  
r e s p i r a t o r y  i l l n e s s  and o f  t h e s e ,  67 h a d  pneumonia  and 
37,  v a r y i n g  d e g r e s s  o f  b r o n c h i t i s .  A f u r t h e r  2 p a t i e n t s  
had  pneum onia  and empyema due t o  S t a p h y l o c o c c u s  a u r e u s .  
The r e m a i n i n g  p a t i e n t s  were  s u f f e r i n g  f rom a  v a r i e t y
o f  c o n d i t i o n s .
3 ) .  Of t h e  131 p a t i e n t s ,  6 1 .8  p e r  c e n t  c a r r i e d  p n e u m o co cc i ,  
1 8 .3  p e r  c e n t  c a r r i e d  S t r e p t o c o c c u s  p y o g e n e s  and  1 7 .6  
p e r  c e n t  S t a p h y l o c o c c u s  a u r e u s .
4 ) .  The pneum ococca l  t y p e s  m ost  f r e q u e n t l y  fo u n d  were  6 and 
23. The f i x e d  t y p e s ,  w i t h  t h e  e x c e p t i o n  o f  t y p e  I  were  
se ldom fo u n d .
5 ) .  P a t i e n t s  s u f f e r i n g  from pneumonia  a s  compared  w i t h  
p a t i e n t s  s u f f e r i n g  f rom  b r o n c h i t i s  had  a  h i g h e r  
i s o l a t i o n  r a t e  o f  pneum oco cc i .
6 ) .  The i s o l a t i o n  r a t e  o f  pneum ococc i  was h i g h e r  when t h e  
p a t i e n t  s u f f e r e d  from  l o b a r  o r  segmental pneum onia  t h a n  
when t h e y  s u f f e r e d  f rom  b ro n c h o p n e u m o n ia .
7 ) .  P a t i e n t s  o v e r  1 y e a r ,  a s  compared  w i t h  p a t i e n t s  u n d e r  
1 y e a r  o f  age had a h i g h e r  i s o l a t i o n  r a t e  o f
pneum ococc i  and a  lo w e r  i s o l a t i o n  r a t e  o f  S t a p h y lo c o c c u s  
a u re u  s .
8 ) .  Type 6 was t h e  m ost  p r e v a l e n t  t y p e  i n  p a t i e n t s  o v e r  1 
y e a r  and t y p e  23 i n  p a t i e n t s  u n d e r  1 y e a r  o f  a g e .  A l l  
t h e  t y p e  1 i s o l a t i o n s  o c c u r r e d  i n  t h e  o l d e r  age g r o u p .
9 ) .  A l th o u g h  t h e  t o t a l  number o f  p a t i e n t s  c a r r y i n g  
pneum ococc i  and S t r e p t o c o c c u s  p y o g e n e s  d e c r e a s e d  a f t e r  
t h e  f i r s t  sw abb ing  t h e r e  were  numerous  i n s t a n c e s  of 
new t y p e s  o f  pneum ococc i  and  o f  S t r e p t o c o c c u s  p y o g en es  
b e i n g  a c q u i r e d  a f t e r  a d m is s io n  t o  h o s p i t a l .
1 0 ) .  S t a p h y l o c o c c u s  a u r e u s  was f r e q u e n t l y  a c q u i r e d  by  
p a t i e n t s  t h r o u g h o u t  t h e  i n v e s t i g a t i o n  and 42 p a t i e n t s  
a c q u i r e d  i t  d u r i n g  t h e i r  f i r s t  week i n  h o s p i t a l .
1 1 ) .  I t  was fo u n d  t h a t  t h e  pneumococcus was most  o f t e n  
i s o l a t e d  f rom  t h e  p o s t e r i o r  n o s e ,  S t r e p t o c o c c u s  pyo g en es  
f rom  t h e  t h r o a t  and S t a p h y l o c o c c u s  a u r e u s  f rom t h e  
a n t e r i o r  n o se  o f  t h e  p a t i e n t s .
1 2 ) .  The pneumococcus was f r e q u e n t l y  i s o l a t e d  from  more t h a n  
one s i t e .  U s u a l l y  b o t h  t h e  a n t e r i o r  and  t h e  p o s t e r i o r  
n ose  were i n v o l v e d  and i n  a  number o f  p a t i e n t s ,  t h e  
t h r o a t  was a d d i t i o n a l l y  i n v o l v e d .  S t a p h y l o c o c c u s  
a u r e u s  was i s o l a t e d  f rom  b o t h  n a s a l  s i t e s  i n  a  
p r o p o r t i o n  o f  i n s t a n c e s  a l t h o u g h  n o t  a s  f r e q u e n t l y  a s  
was t h e  pneum ococcus .






C h a p t e r  2 .
I n v e s t i g a t i o n  o f  t h e  S t a f f .
The f r e q u e n c y  o f  sw abb ing  t h e  members o f  s t a f f .  40.
The o rg a n i s m s  i s o l a t e d  f rom  th e  members o f  s t a f f .  40 .
A s s o c i a t i o n  o f  i l l n e s s  w i t h  c h a n g e s  i n  t h e  4 3 .
b a c t e r i o l o g i c a l  f l o r a .
The s i t e s  o f  i s o l a t i o n  o f  t h e  o r g a n i s m s .  4 4 .
( e )  C om parison  o f  t h e  f i n d i n g s  f ro m  th e  s t a f f  w i t h  45.  
t h o s e  f rom  t h e  p a t i e n t s  and w i t h  t h o s e  f rom  th e  
g e n e r a l  p o p u l a t i o n .
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( a )  The f r e q u e n c y  o f  swabbing; t h e  members o f  s t a f f .
Each member o f  t h e  s t a f f  was swabbed on t h e i r  f i r s t  
day on d u t y  i n  t h e  w a rd  u n d e r  s c r u t i n y ,  and a t  w eek ly  
i n t e r v a l s  t h e r e a f t e r .  A t o t a l  of 285 sw ab b in g s  was made 
f rom t h e  42 i n d i v i d u a l s  i n v o l v e d  i n  t h i s  p a r t  o f  th e  
i n v e s t i g a t i o n .  The s t a f f  were changed  f r e q u e n t l y  so t h a t  
a  c o n s i d e r a b l e  number were swabbed on o n l y  one o c c a s i o n .
The o t h e r s  however  were swabbed a n y t h i n g  f ro m  2 t o  23 t i m e s .  
D e t a i l s  o f  th e  f r e q u e n c y  o f  sw abb ing  a r e  shown i n  Table  13 .  
The 9 p e o p le  swabbed on o n l y  one o c c a s i o n  i n c l u d e d  4 p a r t -  
t im e  and 3 f u l l - t i m e  n u r s e s  who were  l e s s  t h a n  a  week i n  
t h e  w ard  and t h e  h o s p i t a l  s u p e r i n t e n d e n t  and one o t h e r  
d o c t o r  who o c c a s i o n a l l y  came i n t o  c o n t a c t  w i t h  t h e  p a t i e n t s .
( b ) The o rg a n i s m s  i s o l a t e d  f ro m  t h e  members o f  t h e  s t a f f .  
The most  f r e q u e n t l y  found  o r g a n i s m  i n  th e  n o s e s  and
t h r o a t s  o f  t h e  members o f  th e  s t a f f  was S t a p h y l o c o c c u s  
a u r e u s .  T h is  was t h e  f i n d i n g  on t h e  f i r s t  sw ab b in g  and 
a l s o  on s u b s e q u e n t  sw a b b in g s .  S t r e p t o c o c c u s  p y o g e n e s  and  
t h e  pneumococcus were l e s s  commonly i s o l a t e d  b u t  were  e a c h  
i s o l a t e d  f rom  a s i m i l a r  number o f  members o f  s t a f f  a t  t h e i r  
f i r s t  sw ab b in g .  The f i g u r e s  f o r  s u b s e q u e n t  sw a b b in g s  were  
r a t h e r  v a r i a b l e .  (T ab le  1 4 ) .  F r e q u e n t l y  more t h a n  one o f  
t h e  o r g a n i s m s  was found  a t  one sw ab b in g .
40a.
TABLji! 14.
Showing th e  number and p e r c e n t a g e  of  members o f  t h e  S t a f f  
c a r r y i n g  e a c h  o r g a n i s m  a t  e ac h  sw ab b in g .
S e r i a l  
No. o f  
Swabbing
T o t a l
Pneumo. S. pyog. s . a u r .
No. io No. 1° No. 1° .
1 42 9 2 1 .4 8 1 9 . 0 18 4 2 .9
2 33 5 1 5 .2 9 2 7 .3 17 5 1 .5
3 32 8 2 5 . 0 7 2 1 .9 15 4b. 9
4 29 7 2 4 .1 8 2 7 .6 15 5 1 .7
5 25; 3 1 2 . 0 8 3 2 . 0 17 68.  0
6 21, 4 1 9 . 0 7, 3 3 .3 13 6 1 .9
7 18 2 , 1 1 . 1 1 5 .6 10 5 5 .6
8 15 4 2 6 .7 3 2 0 . 0 8 5 3 .3
9 12 6 5 0 . 0 4 3 3 .3 7 5 8 .3
10 12 2 1 6 .5 4 3 3 .3 5 4 1 .7
11 10 4 4 0 . 0 3 3 0 . 0 2 2 0 . 0
12 7 0 4 4
13 5 1 2 1
14 4 0 2 1
15 3 1 1 2
l b 3 1 1 1
17 3 0 -., 2 ; 1
18 2 0 , , f  1 - 1
19 2 0 1 0
20 2 0 1 0
21 2 0 1 0
22 2 0 0 0
23 1 0 1 0
41.
Prom s t u d y i n g  th e  r e s u l t s ,  a s  t a b u l a t e d  i n  t h e  
a p p en d ix ,  i t  w i l l  he s e e n  t h a t  a l l  h u t  two o f  t h e  members 
o f  s t a f f  c a r r i e d  a t  l e a s t  one o f  t h e  o r g a n i s m s .  N e i t h e r  
o f  t h e s e  two e x c e p t i o n s  were swabbed more t h a n  o n c e .  I t  
i s  a l s o  o b v io u s  t h a t ,  a s  t h e  t o t a l  number of sw ab b ing s  
f o r  t h e  i n d i v i d u a l s  i n c r e a s e d ,  so d id  th e  number o f  
i n d i v i d u a l s  who c a r r i e d  more t h a n  one of  t h e  t h r e e  
o r g a n i s m s .  One m ig h t  presume t h a t ,  i f  sw abb ing  were  
c a r r i e d  on i n d e f i n i t e l y  t h e  c a r r i e r  r a t e  f o r  e a c h  o r g a n i s m  
would a p p r o a c h  100 p e r  c e n t .  T hat  t h i s  would  be s o ,  i s  
c o n f i rm e d  by th e  work of S t r a k e r ,  H i l l  and L o v e l l  ( 1 9 3 9 ) ,  
who c a r r i e d  ou t  sw abb ing  o f  t h e  n a s o - p h a r y n x  i n  a  g r o u p  o f  
a d u l t s  o v e r  a  number o f  y e a r s  and s t a t e d  t h a t ,  any  r a t e  
s h o r t  of 100 p e r  c e n t  u n d e r s t a t e s  t h e  a c t u a l  f r e q u e n c y  o f  
‘ th e  c a r r i e r  s t a t e .  D ud ley  (19 3 2 )  w o rk in g  w i t h  d i p h t h e r i a  
c a r r i e r s  fou n d  t h a t  a c a r r i e r  r a t e  b a s e d  upon one sw abb ing  
was much l e s s  t h a n  i t  would have  b een  i f  s e r i a l  sw ab b ing s  
had b een  t a k e n  i n t o  a c c o u n t .
Pneumococcus.
A pneumococcus was i s o l a t e d  f rom  t h e  n o se  o r  t h e  
t h r o a t  o f  o n ly  9 of t h e  42 members of t h e  s t a f f  when t h e y  
were swabbed f o r  t h e  f i r s t  t i m e .  However,  i n  s u b s e q u e n t  
sw abb in g s  o t h e r  members of th e  s t a f f  were  found  to  have  
a c q u i r e d  a  pneumococcus and by t h e  end o f  t h e  i n v e s t i g a t i o n ,  
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Type o f  Pneumococcus i s o l a t e d .
The m a j o r i t y  o f  t h e  members of s t a f f  c a r r i e d  o n ly  one 
t y p e  o f  pneumococcus.  Thus,  13 members o f  t h e  s t a f f  c a r r i e d  
one t y p e  of  pneumococcus,  6 c a r r i e d  two t y p e s  and 2 c a r r i e d  
t h r e e  t y p e s  d u r i n g  t h e  i n v e s t i g a t i o n .  I n  one p e r s o n ,  and 
on one o c c a s i o n  o n l y ,  were  two t y p e s  i s o l a t e d  s i m u l t a n e o u s l y  
f rom  a  sw abbing .
Of t h e  31 t y p e s  o f  pneumococcus i s o l a t e d  f ro m  t h e  
s t a f f ,  6 were  t y p e  b ( T a b le  1 5 ) .  T h i s  t y p e  was a l s o  t h e  
t y p e  m os t  f r e q u e n t l y  i s o l a t e d  f rom  t h e  a d u l t  members o f  
t h e  g e n e r a l  p o p u l a t i o n  a s  sampled  by  Landsman (1 95 3 )  i n  
t h e  "Baby F a m i l i e s "  i n v e s t i g a t i o n .  O th e r  t y p e s  were  
i s o l a t e d  l e s s  f r e q u e n t l y  and i t  was n o t e d  t h a t  t y p e  2 and 
i y P e 3, b o t h  o f  which  a r e  p a th o g e n s  o f  a d u l t  pneum onia ,  
each  o c c u r r e d  once .
S t r e p t o c o c c u s  p y o g e n e s .
At t h e  t im e  of t h e i r  i n i t i a l  sw abb ing ,  8 (1 9 $ )  o f  t h e  
s t a f f  c a r r i e d  S t r e p t o c o c c u s  p y o g en es  i n  t h e  n o se  o r  t h r o a t ,  
and f rom  5 o f  t h e s e ,  t h e  o rg a n i s m  was i s o l a t e d  i n  c o n s i d e r a b l e  
q u a n t i t y .  A f u r t h e r  19 members o f  t h e  s t a f f  a c q u i r e d  t h i s  
o r g a n i s m  d u r i n g  t h e  p e r i o d  of t h e  i n v e s t i g a t i o n  and i n  5 o f  
them , t h e  o rg a n i s m  was a c q u i r e d  i n  c o n s i d e r a b l e  q u a n t i t y .
One t h u s  f i n d s  t h a t  th e  t o t a l  number o f  members o f  s t a f f  (2 7 )  
c a r r y i n g  S t r e p t o c o c c u s  p y o g e n es  a t  some t im e  d u r i n g  t h e  
i n v e s t i g a t i o n  was a lm o s t  a s  g r e a t  a s  t h e  number c a r r y i n g  
S t a p h y l o c o c c u s  a u r e u s  ( 3 2 ) .  The m a j o r i t y  o f  a c q u i s i t i o n s
43.
o c c u r r e d  i n  t h e  weeks w hich  f o l l o w e d  t h e  d e v e lo p m e n t  o f  
s c a r l e t  f e v e r  i n  one o f  th e  p a t i e n t s .  There  was a l s o  an 
a s s o c i a t e d  i n c r e a s e  i n  t h e  number of  p a t i e n t s  c a r r y i n g  
and a c q u i r i n g  S t r e p t o c o c c u s  p y o g e n es  i n  t h e s e  w e e k s .
S t a p h y l o c o c c u s  a u r e u s .
S t a p h y lo c o c c u s  a u r e u s  was i s o l a t e d  f ro m  t h e  n o s e  and 
t h r o a t  i n  32 ( 7 6 .2 $ )  of  t h e  members o f  s t a f f ,  14 o f  whom 
a c q u i r e d  t h e  o rg a n i s m  a f t e r  t h e i r  f i r s t  sw ab b in g .
C u l t u r e s  f rom  26 o f  t h e  c a r r i e r s  were  f u r t h e r  
exam ined .  As a  r e s u l t  o f  t h i s ,  24 o f  t h e  members of  s t a f f  
were found  to  c a r r y  c o a g u l a s e  p o s i t i v e  o r g a n i s m s  on a t  l e a s t  
one o c c a s i o n  d u r i n g  t h e  p e r i o d  o f  t h e  i n v e s t i g a t i o n .
M oreover ,  19 ( 4 5 . 2 ^  o f  a l l  members o f  s t a f f )  c a r r i e d  
o r g a n i s m s  which were n o t  o n l y  c o a g u l a s e  p o s i t i v e  b u t  a l s o  
p e n i c i l l i n  r e s i s t a n t  and  8 o f  th em  d i d  so on more t h a n  one 
o c c a s i o n .  The p o t e n t i a l  d a n g e r  t o  t h e  p a t i e n t s  was t h u s  
c o n s i d e r a b l e ,  e s p e c i a l l y  a s  t h e  a c t u a l  f i g u r e s  i n  a l l  
p r o b a b i l i t y  would h a v e  b e e n  h i g h e r  had  a l l  c u l t u r e s  been  
t e s t e d .
( c )  A s s o c i a t i o n  o f  i l l n e s s  w i t h  c h a n g e s  i n  t h e  B a c t e r i o l o g i c a l  
f l o r a .
D e s p i t e  t h e  l a r g e  number of t i m e s  t h e  members o f  t h e  
s t a f f  a c q u i r e d  an o rg a n i s m  d u r i n g  t h e  i n v e s t i g a t i o n ,  on o n l y  
3 o c c a s i o n s  was t h e r e  any i l l n e s s  a s s o c i a t e d .  One n u r s e  
d e v e lo p e d  t o n s i l l i t i s  and S t r e p t o c o c c u s  p y o g e n es  was 
i s o l a t e d  i n  l a r g e  amount f rom  t h e  t h r o a t .  A second  n u r s e
44.
c o m p la in e d  o f  a  s o r e  n o se  and was found  t o  have  a c q u i r e d  
S t r e p t o c o c c u s  p y o g en es  i n  s m a l l  amount i n  t h e  t h r o a t .
F i n a l l y ,  on one o c c a s i o n ,  when a n u r s e  had  d e v e lo p e d  s e p t i c  
s p o t s  on h e r  f a c e ,  i t  was found  t h a t  S t a p h y lo c o c c u s  a u r e u s  
had  b e e n  a c q u i r e d  i n  t h e  n o s e .  Three  o t h e r  members o f  t h e  
s t a f f  had c o r y z a  when t h e y  were swabbed b u t  i n  none was 
t h e r e  any  change  i n  t h e  b a c t e r i o l o g i c a l  f l o r a  o f  t h e  n o se  
and t h r o a t .
I t  t h e r e f o r e  a p p e a r s  t h a t  t h e  a c q u i s i t i o n  o f  t h e s e  
o r g a n i s m s  was n o t  u s u a l l y  a s s o c i a t e d  w i t h  a n y  c l i n i c a l  
m a n i f e s t a t i o n  of i l l n e s s .  The a c q u i s i t i o n  cf pneum ococc i  
o f  t h e  h i g h e r  t y p e s  was n o t  a s s o c i a t e d  w i t h  t h e  d e v e lo p m e n t  
o f  r e s p i r a t o r y  i l l n e s s .
( d )  The s i t e s  of i s o l a t i o n  o f  the  o r g a n i s m s .
Table  16 su m m ar ise s  t h e  s i t e s  of i s o l a t i o n  o f  t h e  
v a r i o u s  o r g a n i s m s .  The o r g a n i s m s  behav ed  i n  s i m i l a r  f a s h i o n  
t o  t h o s e  i s o l a t e d  f ro m  t h e  p a t i e n t s  and a g a i n ,  t h e  
pneumococcus f a v o u r e d  t h e  p o s t e r i o r  and S t a p h y l o c o c c u s  a u r e u s  
t h e  a n t e r i o r  n ose  w h e r e a s ,  S t r e p t o c o c c u s  p y o g e n es  f a v o u r e d  
th e  t h r o a t .  I f  how ever ,  S t r e p t o c o c c u s  p y o g e n e s  was p r e s e n t  
i n  c o n s i d e r a b l e  q u a n t i t y ,  t h e  p o s t e r i o r  n ose  was a s  o f t e n  
f a v o u r e d  a s  t h e  t h r o a t .  (T a b le  1 7 ) .
On many o c c a s i o n s ,  an  o rg a n i s m  was i s o l a t e d  f r o m  more 
t h a n  one s i t e .  For  b o t h  t h e  pneumococcus  and S t a p h y l o c o c c u s  
a u r e u s ,  t h e  most  f r e q u e n t  c o m b i n a t i o n  o f  s i t e s  was t h e
4 4 a .
TABLE 16 .
Showing th e  number o f  i s o l a t i o n s  o f  th e  v a r i o u s  o r g a n i s m s  from
t h e  v a r i o u s  s i t e s .
( a )  1 s t  Swabbing r e s u l t s :
S i t e of  I s o l a t i o n Pneumo. S. pyog. S. a u r .
No. * No. io No. £
P.N. o n l y 5 5 5 .6 3 37 .5 3 1 6 .7
A.N. o n l y 2 2 2 .2 0 0 . 0 8 4 4 .4  -
T, o n l y 0
o•o 5. 6 2 .5 0. 0 . 0
P.N. + A.N. 2 2 2 .2 0 0 . 0 7 3 8 .9
TOTAL: 9 1 0 0 .0 8 1 0 0 . 0 18 1 0 0 .0
P.N. 7 6 3 .6 3 3 7 .5 10 4 0 .0
A.N. 4 3 6 .4 15 6 0 . 0
T. 5 62 .5
TOTAL: 11 1 0 0 .0 8 1 0 0 .0 25 100.  0
I s o l a t i o n  r a t e  
f o r  42 s t a f f : 2 1 . 4 19 .0 4 2 .9
44b .
(To) R e s u l t s  f rom  a l l  s w a b b i n g s :
S i t e  o f  I s o l a t i o n
Pneumo. S .p y o g . S. a u r .
No No. 1° No. *
P .N. o n l y 39 6 8 . 4 10 1 2 .7 13 9 . 4
A.N. o n l y 3 5 .3 4 5 .1 56 4 0 .6
T . o n ly 1 1 . 8 52 6 5 .8 0 0. 0
P .N. + A.N. 13 2 2 .8 0
o•o 67 4 8 . b
P.N. + T. 7 8 .9 1 0 .7
A.N. + T. 2 2 .5 0 0 . 0
P.N. + A.N. + T. 1 1 . 8 4 5 .1 1 0 .7
TOTAL: 57 1 0 0 . 1 79 1 0 0 .1 138 1 0 0 .0
P.N. 53 7 3 .6 21 2 1 .9 82 3 9 .4
A.N. 17 2 3 .6 10 1 0 . 4 124 5 9 .6
T. 2 ro • 00 65 6 7 .7 2 1 . 0
TOTAL: 72 1 0 0 . 0  96 1 0 0 . 0  208 1 0 0 .0
44c
TABL3 17.
Showing t h e s i t e s  o f  i s  
i t  o c c u r r e d
o l a t i o n  of S t r e p t o c o c c u s  p y ogenes  
i n  c on s i  d e r  a b le  q u a n t i t  y .
when
S e r i a l  No. S e r i a l  No. 
o f






9 11 PN+ T+




14 14 ■ T+++
23 1 PN++
28 ..._ 3 AN+++ T+
36 1 T++
4 * T+++
5 PN+++ AN++ T+
38 1 T+++
39 1 PN+++
+ = s c a n t y  c o l o n i e s .
++ = m o d e ra te  number o f  c o l o n i e s .
+++ = l a r g e  number of c o l o n i e s .
45.
a n t e r i o r  and  t h e  p o s t e r i o r  n o s e .  A s i m i l a r  number of 
o r g a n i s m s  was u s u a l l y  i s o l a t e d  f ro m  e a c h  s i t e  and i f  n o t ,  
t h e  p o s t e r i o r  nose  was more h e a v i l y  i n f e c t e d  w i t h  
pneum ococc i  t h a n  t h e  a n t e r i o r  n o se  w h e re a s  t h e  c o n v e r s e  was 
t r u e  f o r  S t a p h y lo c o c c u s  a u r e u s .  S t r e p t o c o c c u s  p y o g e n es  was 
se ld o m  i s o l a t e d  f r o m  more t h a n  one s i t e .  When i t  was,  t h e  
n o se  and t h r o a t  were  u s u a l l y  e q u a l l y  i n f e c t e d  b u t  i f  t h i s  
were n o t  th e  c a s e ,  t h e  p o s t e r i o r  nose  was more h e a v i l y  
i n f e c t e d  t h a n  t h e  t h r o a t .  ( T a b l e s  16 and 1 7 ) .
( e ) C om par ison  o f  t h e  f i n d i n g s  f rom  t h e  S t a f f  w i t h  t h o s e  
f rom  t h e  p a t i e n t s  and  w i t h  t h o s e  f r o m  t h e  g e n e r a l  
p o p u l a t i o n .
Table  18 sum m arises  t h e  f r e q u e n c y  w i t h  w h ic h  th e  
v a r i o u s  o rg a n i s m s  were i s o l a t e d  f ro m  t h e s e  t h r e e  g r o u p s  
o f  i n d i v i d u a l s .  The a n t e r i o r  nose  f i n d i n g s  f o r  the  p a t i e n t s  
and t h e  members o f  s t a f f  were  e x c l u d e d  f o r  t h e  p u r p o s e s  of 
c o m p a r i s o n  w i t h  the  o t h e r  g ro u p s ,  i n  whom, o n l y  t h e  p o s t e r i o r  
n o se  and t h e  t h r o a t  were swabbed.  Only t h e  i n i t i a l  sw ab b in g  
r e s u l t s  f rom  p a t i e n t s  and s t a f f  a r e  c o n s i d e r e d .
The c h i l d ,  w h e th e r  h e a l t h y  or  s u f f e r i n g  f ro m  an  a c u t e  
r e s p i r a t o r y  i n f e c t i o n  was f r e q u e n t l y  a  c a r r i e r  of 
pneum ococc i  w h e re a s  t h e  a d u l t s  o f  t h e  g e n e r a l  p o p u l a t i o n  
and t h e  h o s p i t a l  s t a f f  se ldom  c a r r i e d  t h i s  o rg a n i s m .
S t r e p t o c o c c u s  p y o g en es  was se ld om  i s o l a t e d  f r o m  th e  
p a t i e n t s  and n e v e r  were  more t h a n  a  few  c o l o n i e s  i s o l a t e d .
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4b.
s t a f f  and t h e  members o f  t h e  g e n e r a l  p o i j u l a t i o n ,  o f  a l l  a g e s .
S t a p h y lo c o c c u s  a u r e u s  o c c u r r e d  more f r e q u e n t l y  i n  th e  
h o s p i t a l  s t a f f  t h a n  i n  any  o f  t h e  o t h e r  g r o u p s .  I t  w as  more 
f r e q u e n t l y  i s o l a t e d  t h a n  was t h e  pneum ococcus ,  i n  c o n t r a s t  
t o  t h e  f i n d i n g s  f o r  t h e  g e n e r a l  p o p u l a t i o n  o f  a l l  a g e s  and 
f o r  t h e  p a t i e n t s .  The i s o l a t i o n  r a t e  was h i g h e r  f o r  t h e  
h o s p i t a l  s t a f f  t h a n  f o r  the  a d u l t  g e n e r a l  p o p u l a t i o n  and 
t h i s  s u g g e s t s  t h a t  t h e  i n c r e a s e d  r a t e  was an  a c t u a l  r e s u l t  
o f  work i n  h o s p i t a l  and  i t  i s  p o s s i b l e  t h a t  t h e  s t a f f  
t h e m s e l v e s  had b e en  i n f e c t e d  f ro m  t h e  p a t i e n t s .
( f ) Summary o f  t h e  f i n d i n g s .
(1 )  The s t a f f  were  swabbed w i t h  s u f f i c i e n t  f r e q u e n c y  t o  
e n s u r e  an  a d e q u a te  knowledge of t h e  o rg a n i s m s  p r e s e n t  
i n  t h e  n o s e  and t h r o a t  o f  members o f  t h e  m e d i c a l ,  
n u r s i n g  and d o m e s t i c  s t a f f  coming i n t o  c o n t a c t  w i t h  
t h e  p a t i e n t s .
( 2 )  A pneumococcus was i s o l a t e d  f rom  2 1 .4  p e r  c e n t ,  
S t r e p t o c o c c u s  p y o g e n es  f rom  19*0 p e r  c e n t  and 
S t a p h y l o c o c c u s  a u r e u s  f ro m  4 2 .9  p e r  c e n t .  The t y p e s  
o f  pneum ococc i  i s o l a t e d  were i n  no way d i f f e r e n t  t o  
t h o s e  found  i n  t h e  g e n e r a l  p o p u l a t i o n .
( 3 )  A c o n s i d e r a b l e  number o f  t h e  s t a p h y l o c o c c i  i s o l a t e d  
were c o a g u l a s e  p o s i t i v e  and p e n i c i l l i n  r e s i s t a n t .
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( 4 )  The o r g a n i s m s  seemed t o  f a v o u r  p a r t i c u l a r  s i t e s  i n  t h e  
n o se  o r  t h r o a t  and d i d  so i n  s i m i l a r  f a s h i o n  t o  t h a t  
found  f o r  t h e  p a t i e n t s .
( 5 )  A l l  t h r e e  o rg a n i s m s  were  f r e q u e n t l y  a c q u i r e d  by  t h e  
s t a f f  d u r i n g  th e  i n v e s t i g a t i o n .
( 6 )  The h i g h  i s o l a t i o n  r a t e  o f  S t a p h y l o c o c c u s  a u r e u s  f rom  
t h e  s t a f f  a s  compared w i t h  t h e  a d u l t  g e n e r a l  p o p u l a t i o n  
s u g g e s t s  t h a t  t h e  a s s o c i a t i o n  w i t h  h o s p i t a l  p a t i e n t s
was r e s p o n s i b l e .
* * * * * *
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49.
( a )  I n t r o d u c t i o n .
An e s s e n t i a l  p a r t  o f  t h i s  i n v e s t i g a t i o n  was t h e  
e x a m i n a t i o n  o f  t h e  f l o o r  d u s t  f o r  t h e  o rg a n i s m s  i n  q u e s t i o n .  
B u s t  was c o l l e c t e d  on “b lood  a g a r  p l a t e s  a s  d e s c r i b e d  i n  t h e  
o p e n in g  s e c t i o n  and t h e  p l a t e s  i n c u b a t e d  o v e r n i g h t .  The 
p l a t e s  were  examined by  a  low power l e n s  and t h e  p r e s e n c e  
o f  any  c o l o n i e s  r e s e m b l i n g  t h o s e  o f  S t r e p t o c o c c u s  p y o g en es  
o r  o f  S t a p h y l o c o c c u s  a u r e u s  was n o t e d .  C o l o n i e s  r e s e m b l i n g  
t h o s e  of  e i t h e r  t h e  pneumococcus or  s t r e p t o c o c c u s  v i r i d a n s  
were  s u b c u l t u r e d .  I f  o p t o c h i n  s e n s i t i v e ,  t h e  o r g a n i s m  was 
t y p e d ,  d i r e c t l y  o r  a f t e r  mouse i n o c u l a t i o n  o f  th e  c u l t u r e .
The p o r t a b l e  d u s t  s a m p le r  was t h a t  u se d  by  W i l l i a m s  
(1949)  i n  h i s  i n v e s t i g a t i o n s  on t h e  p e r s i s t e n c e  of  
S t r e p t o c o c c u s  py og en es  i n  f l o o r  d u s t .  Most of  h i s  s a m p le s  
w e re ,  h o v e r ,  c o l l e c t e d  by sw eep ing  o r  by  t h e  t h i m b l e  
s a m p le r  i n  o r d e r  t h a t  c o u n t s  o f  t h e  o r g a n i s m s  i n  t h e  d u s t  
c o u ld  be made. Only by t a k i n g  l a r g e  sam p le s  o f  d u s t  and 
making c o u n t s  o f  t h e  o r g a n i s m s  p r e s e n t ,  c an  a  t r u e  
e s t i m a t e  o f  t h e  d e g r e e  o f  c o n t a m i n a t i o n  o f  th e  d u s t  be made, 
b u t  when a l l  t h a t  i s  r e q u i r e d  i s  a  knowledge  o f  w h e t h e r  o r  
n o t  an  o r g a n i s m  i s  p r e s e n t  i n  t h e  d u s t ,  t h e  p o r t a b l e  d u s t  
s a m p le r  i s  a d e q u a t e .
A s e r i e s  of i n v e s t i g a t i o n s  were done by L i d w e l l  and 
Lowbury (1950)  on th e  q u e s t i o n  o f  s u r v i v a l  o f  b a c t e r i a  i n  
d u s t .  Lowbury (1950)  s t a t e s  t h a t  t h e  p e r s i s t e n c e  o f
p a t h o g e n s  i n  t h e  d u s t  c a n n o t  he e s t i m a t e d  w i t h o u t t a k i n g  i n t o  
a c c o u n t  t h e  v i a b i l i t y  o f  t h e  o rg a n i s m s  t h e m s e l v e s  and t h e  
r a t e  of  t u r n o v e r  o f  t h e i r  v e c h i c l e .  B o th  w r i t e r s  were 
p a r t i c u l a r l y  i n t e r e s t e d  i n  t h e  s u r v i v a l  o f  a )  t h e  t o t a l  
o r g a n i s m s ,  b )  S t r e p t o c o c c u s  p y o g en es  and c )  S t a p h y l o c o c c u s  
a u r e u s .  The l a s t  m e n t io n e d  o rg an ism  was found o n ly  i n  
o c c u p i e d  rooms and was c o n s i d e r e d  t o  be an i n d i c a t i o n  of 
human c o n t a m i n a t i o n  o f  t h e  d u s t .
A c c o r d in g  t o  L i d w e l l  and Lowbury, t h e  d e a t h  r a t e  of  
t h e  o r g a n i s m s  was a f f e c t e d  by t h e  h u m id i t y  of  t h e  
a tm o s p h e r e  b u t  t h i s  must  o n ly  be c o n s i d e r e d  i n  c o n j u n c t i o n  
w i t h  t h e  e f f e c t  of l i g h t  and o f  h e a t .  The d e a t h  r a t e  
i n c r e a s e s  w i t h  t h e  r e l a t i v e  h u m id i t y  and i t  c an  be presumed 
t h a t  t h e  b a c t e r i a  i n  t h e  d u s t ,  w h ic h  have  s u r v i v e d  a  d r y i n g  
p r o c e s s ,  a r e  more l i a b l e  t o  damage by s u b s t a n c e s  i n  s o l u t i o n  
a s  t h e  h u m id i t y  i n c r e a s e s .  U l t r a v i o l e t  l i g h t  n o t  o n l y  k i l l s  
o f f  o r g a n i s m s  i n  t h e  a i r ,  d i s p e r s e d  a s  d r o p l e t  n u c l e i ,  b u t  
i t  a l s o  h a s  a  l e t h a l  e f f e c t  on b a c t e r i a  i n  t h e  d u s t .
G arrod  (1 9 4 4 a )  showed t h a t  t h e r e  were a  s m a l l e r  number o f  
s t r e p t o c o c c i  i n  t h e  d u s t  o f  w e l l ,  n a t u r a l l y  l i g h t e d  rooms 
t h a n  i n  t h o s e  which  were  p o o r l y  l i g h t e d .  He fou n d  t h a t  
d u s t  n e a r  a  window was a lm o s t  s t e r i l e .  T h is  e f f e c t  o f  
u l t r a - v i o l e t  l i g h t  was s lo w e r  i n  d r y  c o n d i t i o n s  and 
i n c r e a s e d  w i t h  t h e  r e l a t i v e  h u m id i t y  ( L i d w e l l  and Lowbury, 
1 9 5 0 ) .
D u n k l in  and Puck (1948)  o b s e r v e d  t h e  l e t h a l  e f f e c t  o f
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h u m i d i t y ,  n o t  on o r g a n i s m s  i n  t h e  d u s t ,  h u t  on o r g a n i s m s  
s p r a y e d  i n t o  t h e  a tm o s p h e r e .  U s ing  a t y p e  1 pneumococcus  
i n  a  b r o t h ,  s a l i v a  o r  .5  p e r  c e n t  s a l i n e  s o l u t i o n ,  t h e y  
fo u n d  a  c r i t i c a l  m o r t a l i t y  i n  t h e  v i c i n i t y  o f  R .H .50  p e r  
c e n t .  ( I n  d u s t  t h e r e  i s  no c r i t i c a l  m o r t a l i t y . )  Above and 
b e lo w  50 p e r  c e n t ,  t h e  l e t h a l  e f f e c t  d e c r e a s e d .  The 
l e t h a l  e f f e c t  a l s o  i n c r e a s e d  w i t h  a  r i s e  i n  t e m p e r a t u r e .  
S i m i l a r  g e n e r a l  s u r v i v a l  p a t t e r n s  were found w i t h  c u l t u r e s  
o f  s t r e p t o c o c c i  and o f  s t a p h y l o c o c c i ,  b u t  t h e  m o r t a l i t y  
r a t e s  were  c o n s i d e r a b l y  s m a l l e r .  The above f i n d i n g s  have  
a  s p e c i a l  b e a r i n g  on t h e  w r i t e r ' s  i n v e s t i g a t i o n  a s  i t  m ust  
be p resum ed  t h a t  b e f o r e  r e a c h i n g  t h e  d u s t  t h e  o rg an ism s  
have  b e e n  e x p e l l e d  f rom  th e  n ose  o r  t h r o a t  o f  an  i n d i v i d u a l  
i n  a  s a l i v a  s u s p e n s i o n .
f i n a l l y  a l t h o u g h  i t  i s  known t h a t  t h e  pneumococcus i s  
a  d e l i c a t e  o r g a n i s m  and h a s  b e en  shown i n  t h e  p r e v i o u s  
p a r a g r a p h  t o  h ave  a  much h i g h e r  m o r t a l i t y  r a t e  t h a n  
S t r e p t o c o c c u s  p y o g en es  and S t a p h y lo c o c c u s  a u r e u s ,  i t  h a s  
b e e n  shown t o  p e r s i s t  i n  t h e  d u s t  o f  a  ward .  As l o n g  ago 
a s  1917 ,  S t i l l m a n  found  t y p e  1 and ty p e  2 pneumococci  i n  
t h e  f l o o r  d u s t  o f  a  ward u se d  o n l y  f o r  t h e  t r e a t m e n t  of 
p a t i e n t s  s u f f e r i n g  f rom pneumonia .
(b )  The I s o l a t i o n  o f  Pneumococci  f rom  t h e  D u s t .
D u r in g  th e  i n v e s t i g a t i o n  i n  t h e  ward u s e d  f o r  t h e  
t r e a t m e n t  o f  c h i l d r e n  s u f f e r i n g  from  pneumonia ,  a  t o t a l  o f
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275 d u s t  p l a t e s  was t a k e n .  R a th e r  u n e x p e c t e d l y ,  c o n s i d e r i n g  
t h e  l a r g e  number o f  p a t i e n t s  i n  t h e  ward who c a r r i e d  
p n e u m o c o cc i ,  o n ly  8 ( 2 . 9 / 0  o f  t h e  p l a t e s  c o n t a i n e d  
p n e u m o c o cc i .  An even  s m a l l e r  number o f  p o s i t i v e  p l a t e s  
was o b t a i n e d  from t h e  s m a l l e r  ward ,  u se d  f o r  p a t i e n t s  
s u f f e r i n g  f rom  m e a s l e s .  Prom t h i s  ward ,  114 p l a t e s  were 
exam in ed .  Only 2 had pneum ococca l  c o l o n i e s  ( 1 . 7 5 / )  b u t  one 
m ust  remember t h a t  t h e s e  p l a t e s  were t a k e n  i n  t h e  summer 
months  when th e  pneumococcus would have  l e s s  c hanc e  of 
s u r v i v a l  i n  t h e  d u s t  on a c c o u n t  o f  t h e  i n c r e a s e d  u l t r a ­
v i o l e t  r a d i a t i o n .  ( G a r ro d ,  1 9 4 4 a ) .  F u r t h e r m o r e ,  t h e  
number o f  p neum ococca l  c a r r i e r s  i n  t h e  ward was much l e s s .
I n  c o n t r a s t  t o  t h i s  a r e  t h e  f i n d i n g s  i n  t h e  s m a l l  ward 
where  p a t i e n t s  s u f f e r i n g  f ro m  m e a s l e s  were o ve rc ro w ded .
I n  t h i s  ward a  t o t a l  of 46 p l a t e s  was t a k e n  and 5 
c o n t a i n e d  pneum ococc i  ( 1 0 . 9 / ) .  The p a t i e n t s  however  were 
d e f i n i t e l y  crowded and t h e  m a j o r i t y  c a r r i e d  pneum ococc i .
N o t e : The ward u se d  f o r  t h e  t r e a t m e n t  o f  p a t i e n t s  
s u f f e r i n g  from  pneumonia  w i l l  be r e f e r r e d  t o  a s  "Ward I " .
The ward u s e d  f o r  t h e  t r e a t m e n t  o f  p a t i e n t s  
s u f f e r i n g  f ro m  m e a s l e s  w i l l  be r e f e r r e d  t o  a s  "Ward 2 " .
The s m a l l  ward where  p a t i e n t s  s u f f e r i n g  f ro m  
m e a s l e s  were crowded w i l l  be r e f e r r e d  to  a s  "Ward 3 " .
The t y p e s  o f  pneumococci  fo un d  i n  t h e  d u s t  p l a t e s  were 
d e t e r m i n e d  and T a b le  19 sum m arises  t h e  f i n d i n g s  f o r  Ward I  
and t h e  p o s s i b i l i t i e s  o f  any p a r t i c u l a r  p a t i e n t  b e i n g  th e
5 ?a
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Ward I .
To r e l a t e  t h e  t im e  and p l a c e  of  i s o l a t i o n  of  a  pneumococcus  
from t h e  d u s t  w i t h  t h e  p o s i t i o n  i n  t h e  ward of  p a t i e n t s  
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R E M A R K S
33 Cot  AI . 2 1 . 1 1 . ’50. No p a t i e n t  or member o f  s t a f f  
c a r r i e d  ty p e  33 a t  t h i s  t i m e .  
On 2 4 .1 1 . 5 0  p a t i e n t  i n  Cot  A5 
a c q u i r e d  Pneumo. t y p e  33.
23 Cot C13. 2 9 . 1 1 . ' 5 0 . No member of s t a f f  o r  p a t i e n t  
i n  D i v i s i o n  C c a r r i e d  t y p e  23. 
C a r r i e r s  of  ty p e  23 p r e s e n t  i n  
D i v i s i o n s  B and D.
19 Cot BIO. 7 . 1 2 . ' 4 9 . On 6 .1 2 .4 9 ?  p a t i e n t  i n  Cot  BIO 
a c q u i r e d  Pneumo.type  19. No 
member of  s t a f f  c a r r i e d  t y p e  19 
b u t  two o t h e r  p a t i e n t s  i n  
D i v i s i o n  B d id  so .
Un­
known
Cot BIO. 1 4 . 1 2 . ’49. P a t i e n t  i n  Cot  BIO c a r r i e d  
ty p e  19.
19 Cot 1)2. 1 4 . 1 2 .  ’49. P a t i e n t  i n  Cot DI c a r r i e d  ty p e  
19. No member of s t a f f  c a r r i e d  
ty p e  19 b u t  p a t i e n t s  i n  
D i v i s i o n  B c a r r i e d  i t .
2 Cot C8 . 2 8 . 1 2 . ’49. P a t i e n t  i n  Cot C8 c a r r i e d  t y p e  
2. No member o f  s t a f f  c a r r i e d
2 Cot C7. 2 8 . 1 2 . ' 4 9 . ■type 2 . . ... _ _ ...........
33 Cot B l . 23. 3 . ' 5 0 . P a t i e n t  i n  Cot  BI c a r r i e d  type  
3 3 . No member of s t a f f  
c a r r i e d  ty p e  33.
s o u r c e  of  t h e  pneumococcus i n  t h e  d u s t  or  b e i n g  i n f e c t e d  
by t h e  pneumococcus i n  t h e  d u s t .  I n  none of  t h e  i n s t a n c e s  
when a  pneumococcus was i s o l a t e d  f rom  t h e  d u s t ,  c o u l d  a 
member o f  s t a f f  have  b e en  t h e  s o u r c e  o f  i n f e c t i o n .
I n  4 o f  t h e  8 i n s t a n c e s ,  t h e  p a t i e n t  i n  e i t h e r  t h e  
c o t  a s s o c i a t e d  w i t h  t h e  d u s t  sam ple  o r  i n  t h e  a d j a c e n t  c o t  
c a r r i e d  t h e  homologous t y p e .  In  a n o t h e r  i n s t a n c e ,  2 
p a t i e n t s  i n  th e  same d i v i s i o n  c a r r i e d  t h e  homologous t y p e  
and t h e  p a t i e n t  i n  t h e  c o t  a s s o c i a t e d  w i t h  t h e  p o s i t i v e  
d u s t  sam ple  had a c q u i r e d  t h e  ty p e  on t h e  day p r i o r  t o  t h e  
t a k i n g  o f  t h e  d u s t  sam p le .  I n  y e t  a n o t h e r  i n s t a n c e ,  a  
p a t i e n t  i n  t h e  same d i v i s i o n  a c q u i r e d  a  pneumococcus o f  
t h e  same t y p e  a s  was p r e s e n t  i n  t h e  d u s t ,  t h r e e  d a y s  a f t e r  
i t s  i s o l a t i o n  f ro m  t h e  d u s t .  I n  t h e  r e m a i n i n g  two 
i n s t a n c e s ,  t h e  s o u r c e  c o u ld  n o t  be d e te r m in e d  s i n c e  i n  one ,  
t h e  t y p e  was unknown and i n  t h e  o t h e r ,  any c a r r i e r s  o f  t h e  
hom ologous  ty p e  were  i n  o t h e r  d i v i s i o n s  o f  t h e  w ard .
The p r e c e d i n g  p a r a g r a p h  shows t h a t  t h e r e  was d e f i n i t e  
e v i d e n c e  t h a t  a )  t h e  d u s t  o f  t h e  ward c o u ld  be i n f e c t e d  
w i t h  pneum ococc i  f ro m  t h e  p a t i e n t s  and b )  a  p a t i e n t  c o u ld  
h i m s e l f  be i n f e c t e d  w i t h  a  pneumococcus known to  be p r e s e n t  
i n  t h e  d u s t  of  th e  ward .  The r e s u l t s  f rom t h e  s m a l l e r  
Wards,  2 and 3, which w i l l  now be d i s c u s s e d ,  c o n f i r m e d  t h i s  
a s s u m p t i o n .
Only t y p e  6 pneumococci  were  i s o l a t e d  f rom  t h e  d u s t  o f  
Wards 2 and 3.  I n  t h e  s m a l l ,  overc row ded  Ward 3, t y p e  6 was
54 .
t h e  m o s t  p r e v a l e n t  ty p e  amongst  t h e  p a t i e n t s  and on e a c h  
o c c a s i o n  when t h e  d u s t  c o n t a i n e d  a  ty p e  6 pneum ococcus ,  
t h r e e  o f  t h e  s i x  p a t i e n t s  i n  t h e  ward ,  c a r r i e d  i t .  D u r in g  
t h i s  i n v e s t i g a t i o n ,  which  l a s t e d  seven  v\reeks, 7 o f  a  t o t a l  
o f  18 p a t i e n t s  were a d m i t t e d  c a r r y i n g  a  t y p e  6 pneumococcus 
and  a  f u r t h e r  4, a c q u i r e d  i t  a f t e r  a d m i s s io n .
I n  Ward 2,  t h e r e  were o n ly  2 p o s i t i v e  d u s t  p l a t e s .  On 
h o t h  o c c a s i o n s  a  t y p e  6 pneumococcus was c a r r i e d  by  p a t i e n t s  
i n  c o t s  n e a r  t o  where t h e  d u s t  was sam pled .  As was p r e v i o u s l y  
s t a t e d ,  t h e  p neum ococca l  i s o l a t i o n  r a t e  was low f o r  t h e  
p a t i e n t s  s u f f e r i n g  f rom  m e a s l e s  b u t  t y p e  6 was t h e  t y p e  
m o s t  f r e q u e n t l y  c a r r i e d  and a c q u i r e d  by  them . Type 6 was 
a c q u i r e d  5 t i m e s  and i n  4, t h i s  o c c u r r e d  w i t h i n  a  few d ays  
o f  t h e  p o s i t i v e  d u s t  sam ples  b e i n g  o b t a i n e d .
P o u r  p a t i e n t s ,  a l s o  s u f f e r i n g  from m e a s l e s ,  who were 
n u r s e d  i n  a  c u b i c l e  o f  a  w ard ,  were t h e  s u b j e c t s  o f  y e t  
a n o t h e r  s u b s i d i a r y  i n v e s t i g a t i o n .  These p a t i e n t s  v/ere 
swabbed e v e r y  secon d  day  and t h e  d u s t  was sam pled  d a i l y .
One o f  t h e s e  p a t i e n t s  a c q u i r e d  a  ty p e  5 pneumococcus on 
h e r  t h i r d  day i n  h o s p i t a l  and c a r r i e d  i t  c o n t i n u o u s l y  
t h e r e a f t e r .  T h i s  pneumococcus was i s o l a t e d  f rom  t h e  d u s t  
on two o c c a s i o n s ,  2 and 6 days  r e s p e c t i v e l y  a f t e r  t h e  
o r g a n i s m  was a c q u i r e d .  No o t h e r  p a t i e n t  a c q u i r e d  t h e  
pneumococcus  a f t e r  i t  was i s o l a t e d  from t h e  d u s t .  T h is  i s  
y e t  a n o t h e r  example  o f  a p a t i e n t  i n f e c t i n g  t h e  ward d u s t  
w i t h  a  pneum ococcus .  . , , „
N o t e :  in v e s t ig a t io n s  in  W m,!) a  « n p V j W p  j  eac a
la  Step 7 w eek s.
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( c ) I s o l a t i o n  o f  S t r e p t o c o c c u s  pyogenes  f rom  t h e  d u s t .
S t r e p t o c o c c u s  p y o g e n es  was more f r e q u e n t l y  i s o l a t e d  
f rom  t h e  d u s t  p l a t e s  t h a n  was t h e  pneumococcus .  I n  Ward I ,  
19 o f  t h e  d u s t  p l a t e s  ( 6 . 7 / 0  c o n t a i n e d  c o l o n i e s  o f  
S t r e p t o c o c c u s  p y o g e n e s .  I n  Ward 2, 4 o f  t h e  p l a t e s  ( 3 . 5 $ )  
c o n t a i n e d  S t r e p t o c o c c u s  p y o g en es  and a l t h o u g h  so few  
c o n t a i n e d  t h e  o r g a n i s m ,  t h e  number was a t  l e a s t  g r e a t e r  
t h a n  f o r  t h e  pneum ococcus .
S t r e p t o c o c c u s  p y o g en es  was i s o l a t e d  from t h e  d u s t  
f o r  t h e  f i r s t  t im e  i n  V/eek 9 and t h e r e a f t e r  was i s o l a t e d  
e a c h  week u n t i l  Week 19 .  D u r in g  t h e s e  weeks t h e r e  was an 
i n c r e a s e  i n  t h e  number o f  p a t i e n t s  and members o f  s t a f f  
a c q u i r i n g  t h e  o r g a n i s m  and one o f  t h e  p a t i e n t s  d e v e lo p e d  
s c a r l e t  f e v e r  i n  Week 10 .  I t  i s  i m p o r t a n t  t o  n o t i c e  t h a t ,  
b e f o r e  t h e  p a t i e n t  d e v e lo p e d  s c a r l e t  f e v e r ,  S t r e p t o c o c c u s  
p y o g e n e s  was i s o l a t e d  f rom t h e  d u s t ,  b o t h  i n  Y/eek 9 and 
i n  V/eek 1 0 .
T ab le  20 sum m ar ises  t h e  f i n d i n g s  i n  r e l a t i o n  t o  t h e  
d i v i s i o n s  o f  t h e  ward f rom w hich  t h e  d u s t  was o b t a i n e d  and 
i n  w h ic h  t h e  s t r e p t o c o c c a l  c a r r i e r s  w e re .  S t r e p t o c o c c i  
were  f i r s t  i s o l a t e d  f rom  t h e  d u s t  i n  c l o s e  p r o x i m i t y  t o  
t h e  c o t  o f  t h e  p a t i e n t  i n  d i v i s i o n  B who l a t e r  d e v e lo p e d  
s c a r l e t  f e v e r .  T h e r e a f t e r  s t r e p t o c o c c i  a p p e a r e d  i n  t h e  
d u s t  o f  b o t h  d i v i s i o n s  A and B. T h is  o c c u r r e d  p r i o r  t o  t h e  
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d i v i s i o n s .  The d u s t  o f  d i v i s i o n  G was l a t e r  s t i l l  i n  b e in g  
i n f e c t e d  and t h i s  was a s s o c i a t e d  w i th  s e v e r a l  p a t i e n t s  
a c q u i r i n g  t h e  o rg a n is m . The d u s t  o f  d i v i s i o n  I) was n e v e r  
i n f e c t e d  and t h e r e  were no c a r r i e r s  of S t r e p to c o c c u s  
p y o g e n e s  i n  t h i s  d i v i s i o n .
The so u rc e  o f  th e  o r i g i n a l  s t r e p t o c o c c a l  i n f e c t i o n  
and th e  r e s u l t i n g  i n f e c t i o n  o f  o t h e r  p a t i e n t s  i s  d i s c u s s e d  
i n  S e c t i o n  3* The im p o r ta n c e  o f  t h e  w ard  d u s t  a s  a  medium 
f o r  i n f e c t i o n  i s  e m p h a s ise d  b e c a u se  o f  two f i n d i n g s  a) t h e  
p r e s e n c e  i n  th e  w ard f l o o r  d u s t  o f  S t r e p to c o c c u s  p y o g en es  
b e f o r e  t h e  p a t i e n t  d e v e lo p ed  s c a r l e t  f e v e r  and  b e f o r e  o t h e r  
p a t i e n t s  b eg an  to  a c q u i r e  S t r e p to c o c c u s  p y o g e n es  and b) t h e  
o c c u r r e n c e  o f  S t r e p to c o c c u s  pyog en es  i n  t h e  d u s t  a s s o c i a t e d  
s i m u l t a n e o u s ly  w i th  a  c o n s i d e r a b le  i n c r e a s e  i n  t h e  number 
o f  new c a r r i e r s  i n  t h e  v/ard, b o th  am ongst t h e  p a t i e n t s  and 
t h e  members o f  s t a f f .
T ab le  21 sum m arises  t h e  f i n d i n g s  and F ig u r e  2 d e p i c t s  
i t  g r a p h i c a l l y .
I n  Ward 2 o n ly  4 d u s t  p l a t e s  c o n ta in e d  S t r e p to c o c c u s  
p y o g e n e s .  One m ig h t  have  e x p e c te d  a  h i g h e r  i n c i d e n c e  s in c e  
42 p e r  c e n t  o f  t h e  p a t i e n t s  c a r r i e d  S t r e p to c o c c u s  p y o g en es  
a t  l e a s t  once d u r i n g  t h e i r  s t a y  i n  h o s p i t a l .  The 
c o r r e s p o n d i n g  p e r c e n t a g e  f o r  th e  p a t i e n t s  i n  Ward I  was
3 6 .9  p e r  c e n t .
The s m a l l  number o f  p o s i t i v e  p l a t e s  i n  Ward 2 a s  
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number p o s i t i v e  f o r  pneum ococc i ,  by t h e  i n h i b i t o r y  a c t i o n  
o f  t h e  i n c r e a s e d  u l t r a - v i o l e t  r a d i a t i o n  i n  t h e  summer m onths .  
M o re o v e r ,  i n  Ward 2, no s c a r l e t  f e v e r  i n c i d e n t  o c c u r r e d  to  
i n c r e a s e  t h e  s t r e p t o c o c c a l  c o n t e n t  o f  t h e  d u s t .
The f o u r  p l a t e s  c o n t a i n i n g  S t r e p t o c o c c u s  p y o genes  were 
o b t a i n e d  i n  Weeks 1 ,  5, 6 and 7 o f  th e  i n v e s t i g a t i o n  i n  Ward 
2 ,  T ab le  22 sum m ar ises  t h e  numbers o f  p a t i e n t s  and members 
o f  s t a f f  c a r r y i n g  and a c q u i r i n g  S t r e p t o c o c c u s  py og en es  e a c h  
week, and T able  23 r e l a t e s  th e  s i t e  of i s o l a t i o n  o f  t h e  
s t r e p t o c o c c i  f rom  t h e  d u s t  w i t h  t h e  p o s i t i o n  i n  t h e  ward 
o f  t h e  p a t i e n t s  who c a r r i e d  s t r e p t o c o c c i .
Two o f  t h e  p o s i t i v e  d u s t  p l a t e s  (Nos.  2 and 3) o c c u r r e d  
p r i o r  t o  p a t i e n t s  i n  n e a r b y  c o t s  a c q u i r i n g  t h e  o rg a n i s m .
I n  one o f  t h e s e  (N o .3)  i t  was l i k e l y  t h a t  t h e  d u s t  was 
i n f e c t e d  by  y e t  a n o t h e r  p a t i e n t  i n  a n e a r b y  c o t .  A p a t i e n t  
c a r r i e r  m ig h t  a l s o  have  b een  th e  s o u r c e  o f  t h e  s t r e p t o c o c c i  
i n  p l a t e  N o . l  b u t  t h e r e  was no such  s o u rc e  f o r  t h o s e  i n  
p l a t e  N o . 4.  I n  t h i s  i n s t a n c e ,  t h e  o rg a n i s m  may have  
p e r s i s t e d  f rom  t h e  p r e v i o u s  week.
Such f i n d i n g s  a s  t h e  above a r e  s i m i l a r  to  t h o s e  f o r  
Ward I  and p r o v i d e  f u r t h e r  e v id e n c e  o f  t h e  im p o r t a n c e  o f  









•H P l> ♦
•H 0
Ph 0 P  0
Ph o •H P  P m H  H  OJ O l OJ r o r o  r*"J H H
cd f t 03 0  cd
o o d df t f t f t  P h
-  o
f t
f t  Ph
od 0 fc»Q
p  p P
03 g •rH
fi ■ H Ph •ft i f .MH M
o
MH *r1 H
f t  P  3 O H O H W H O O H O H O O H O H O H H O O O O O O O O0 cd f t  to
0  P p  o  •
Ph EH • co  cd co
0  Pd
P  CD
a  00  • £
a  £0 0  Pl
2  P P  -H
*d 0  o Pl Ph •
Pl Ph cd 0  *H pH
cd P  0 •H ^  3 O  CM o " > rT)(Si LTNVO CM C\J r<OVO f O r l  C M O ' t O  f O O f O f O H  H  H  W  W
cd p  f t  n?
0  Ph 0  O  •
P  0  O f t  cd co
• Pl P  f t
■^ t- 0  O
<M •H  O  d
f t  O  £ 0
w cd o  o p  f t  d
fc3 f t  o  p Pl f t  -h  .PQ f t  0 0 cd t>3 Ph
f t  *>a •H f t  Ph P c O t^ “ H  ^ C T k H  H  [ " - 0 0  O  r > O r O ^ L n ( M  Lf\CO -d* O  D-CT*rOVO < J \H V O  LfN
EH O  P  0 P  CO Ph d H H H O J O J C M H H H H H H H  i—1 H
ft*rH cd cd •
03 cd f t  +  o  CO
Ph - p  0
0  CO 0
P  -P
a  -  cd
p  0  H Pl
p i  a  f t •H •
•H f t  t>3 Ph
0 - p f t  Ph p OJ L O tftM D  H r | 0 U 3  CTMTN'sD H  l > 0 0  UMTNrOCM LO rOOO d - l A O  O  O
p cd Ph cd H  H
p  p P  0  «
0 co  o  co
M Ph
0  *H
0  f t
£ 0  ttf)
0 P  Pl
P  P p  *h  •
O  P 0  1>5Ph
cd •h  Ph 3 H  C \J 'd -  tr^C O  O 0 r l  OMTNC-CVI l > - t - l r - O i r \ ( M * s J - C \ J V O m ( M ’^ - H V £ ) m
0  U P  Ph cd rH H  OJ H
o cd cd •
PH f t f t  o  CO
o
f t  fctD
Pl
• ^  'H M
f t  O  Ph 0 H  OJ rO ^-L T N vO  f--C O  C T lO  H  OJ rO ^j-L T W O  C T » 0  H  O l rO 'd -L T W O  t -
P  -H 0 H H H H H H H H H H O J O J O J O J < M < M O J < M
r d  0  p 55
Ph cd






















































































r - x — r— 1— »— I— r— r - 1 — ■ 3  H " !
saxv id  isno  sAixisod dot»N
4  >01 rn g  01 001 SOI rf\ CM| Ol col ^  oil OlC N O l C M O I r v J — —










































































us y» vs5 ij s 
I  3«f
SSI ^w9 * lui UJ K
5 S ?
















(d )  I s o l a t i o n  of S t a p h y l o c o c c u s  a u r e u s  f ro m  t h e  d u s t .
I n  Ward I,  22 d u s t  p l a t e s  c o n t a i n e d  c o l o n i e s  o f  
S t a p h y l o c o c c u s  a u r e u s  (8$  o f  a l l  p l a t e s ) .  C o n s i d e r i n g  t h e  
l a r g e  number of  p a t i e n t s  and s t a f f  who c a r r i e d  t h i s  o r g a n i s m  
an  e v e n  g r e a t e r  number m ig h t  have  b een  e x p e c t e d .
The p o s i t i v e  d u s t  p l a t e s  o c c u r r e d  a t  t h e  b e g i n n i n g ,  
t o w a rd s  t h e  m idd le  and a t  t h e  end o f  t h e  e x p e r i m e n t  w i t h  
s e v e r a l  weeks i n t e r v e n i n g  when no s t a p h y l o c o c c i  were  
i s o l a t e d  f ro m  t h e  d u s t .  I n  c o n t r a s t  t o  t h e  f i n d i n g s  f o r  
S t r e p t o c o c c u s  py o genes  t h e r e  was no r i s e  i n  t h e  number of  
i n d i v i d u a l s  c a r r y i n g  and a c q u i r i n g  s t a p h y l o c o c c i  i n  t h e  
weeks when t h e  d u s t  c o n t a i n e d  t h e  o r g a n i s m .  The c a r r i e r  
r a t e  r e m a in e d  h i g h  a t  a l l  t i m e s  and on e a c h  o c c a s i o n  t h a t  
a  p o s i t i v e  d u s t  p l a t e  was o b t a i n e d ,  t h e r e  were s e v e r a l  
p a t i e n t s  and members o f  s t a f f  c a r r y i n g  S t a p h y l o c o c c u s  
a u r e u s .  T ab le  24 su m m ar ise s  t h e  f i n d i n g s  and i t  i s  of  
i n t e r e s t  t o  n o t i c e  t h a t  i n  t h e  p e r i o d  b e tw e e n  Week 6 and 
Week 12,  t h e r e  w ere  no p o s i t i v e  d u s t  p l a t e s ,  y e t  i n  'Week 8,  
21 p a t i e n t s  and 6 members o f  s t a f f  c a r r i e d  t h e  o r g a n i s m .  
F u r t h e r m o r e ,  t h e  p o s i t i v e  d u s t  p l a t e s  d i d  n o t  a lw a y s  o c c u r  
i n  d i v i s i o n s  where  t h e r e  were  c a r r i e r s  o f  S t a p h y l o c o c c u s  
a u r e u s .  F i g u r e  3 d e p i c t s  t h e  f i n d i n g s  g r a p h i c a l l y .
The i s o l a t i o n  o f  S t a p h y l o c o c c u s  a u r e u s  f ro m  t h e  d u s t  
d id  n o t  m i r r o r  to  any  e x t e n t  th e  number o f  c a r r i e r s  o f  t h e  
o rg an ism  i n  t h e  w ard  and i n  t h i s  r e s p e c t  i t  d i f f e r e d  f rom  
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would t h u s  seem t o  he  more h a p h a z a r d  t h a n  t h a t  o f  
S t r e p t o c o c c u s  p y o g e n e s .
The f i n d in g s  fo r  Ward 2 can he more e a s i l y  a n a ly se d  
b eca u se  o f  th e  sm a l le r  n a tu re  o f  th e  e x p e r im en t .  The 
w r i t e r  found t h a t  24 o f  th e  114 d u st p l a t e s  ( 2 1 . 1 ^ )  
c o n ta in e d  c o l o n i e s  o f  S ta p h y lo c o c c u s  aureus -  a 
c o n s id e r a b ly  h ig h e r  p e r c e n ta g e  than  was found i n  Ward I .
Of t h e s e  p l a t e s ,  11 were o b t a i n e d  i n  t h e  l a s t  week o f  t h e  
e x p e r im e n t  and i t  was t o  t h i s  week t h a t  t h e  h i g h e r  
p e r c e n t a g e  was due .
T ab le  25 sum m arises  t h e  f i n d i n g s .  The two p o s i t i v e  
d u s t  p l a t e s  which  were  o b t a i n e d  b e f o r e  t h e  f i r s t  p a t i e n t  
w a s " a d m i t t e d  a r e  n o t  m e n t io n e d  i n  t h e  t a b l e .
The occu rren ce  o f  S ta p h y lo c o c c u s  aureus i n  t h e  d u st  
was n o t  p a r t i c u l a r l y  a s s o c i a t e d  w ith  th e  p r e se n c e  i n  th e  
ward o f  a la r g e  number o f  c a r r i e r s ,  w hether p a t i e n t s  or 
members o f  s t a f f ,  and on ly  i n  one week was i t  a s s o c i a t e d  
w ith  a la r g e  number o f  i n d i v i d u a l s  a c q u ir in g  t h e  organism  
f o r  th e  f i r s t  t im e .
T able  26 shows t h a t ,  w h e re a s  i n  most  weeks i t  was 
m ost  l i k e l y  t h a t  t h e  s t a f f  i n f e c t e d  t h e  d u s t ,  i n  some t h e  
p a t i e n t s  m ig h t  a s  e a s i l y  have  be en  t h e  s o u r c e  o f  t h e  
i n f e c t i o n .  I t  i s  p o s s i b l e  th as t ,  i n  Weeks 2, 5 and 7 
p a t i e n t s  were a c t u a l l y  i n f e c t e d  by  s t a p h y l o c o c c i  i n  t h e  
ward d u s t .
On c o n s i d e r a t i o n  o f  t h e  f i n d i n g s  b o t h  f o r  Ward I  s.nd
Ward 2,  i t  seems l i k e l y  t h a t  i n f e c t i o n  o f  t h e  ward d u s t  by  
S t a p h y lo c o c c u s  a u r e u s  a r o s e  f rom  t h e  c a r r i e r s  o f  t h e  
o r g a n i s m  amongst  t h e  s t a f f  r a t h e r  t h a n  f rom  t h o s e  amongst  
t h e  p a t i e n t s .  There  was o n ly  s l i g h t  e v id e n c e  t h a t  t h e  
p a t i e n t s  a c t u a l l y  a c q u i r e d  t h e  o r g a n i s m  t h r o u g h  t h e  medium 
o f  t h e  d u s t .
( e )  Summary o f  f i n d i n g s .
( 1 )  S t a p h y l o c o c c u s  a u r e u s  was t h e  o rg a n i s m  m os t  f r e q u e n t l y  
i s o l a t e d  f ro m  t h e  d u s t .  S t r e p t o c o c c u s  p y o g e n e s  was 
n e x t  i n  o r d e r  o f  f r e q u e n c y  o f  i s o l a t i o n  and  t h e  pneumo­
c o c c u s  was l e a s t  o f t e n  i s o l a t e d .
(2 )  The number o f  i s o l a t i o n s  o f  pneum ococc i  f rom  t h e  d u s t
was i n c r e a s e d  i n  a  s m a l l  ward  where t h e  p a t i e n t s  were
i n t e n t i o n a l l y  o v e rc ro w d e d .
(3 )  The number o f  i s o l a t i o n s  o f  pneum ococc i  and s t r e p t o c o c c i
f rom  t h e  d u s t  was l e s s  i n  t h e  ward u s e d  f o r  t h e
t r e a t m e n t  o f  p a t i e n t s  s u f f e r i n g  f rom m e a s l e s  t h a n  i n  
t h e  m ain  w a rd ,  u s e d  f o r  t h e  t r e a t m e n t  o f  p a t i e n t s  
s u f f e r i n g  f rom  pneum onia .  I t  i s  p o s s i b l e  t h a t  t h i s  was 
due t o  t h e  warmth and s u n l i g h t  o f  t h e  summer m on ths  
when t h e  f o r m e r  i n v e s t i g a t i o n  t o o k  p l a c e ,
(4 )  There  was e v i d e n c e  t o  show t h a t  p a t i e n t s  i n f e c t e d  t h e  
d u s t  w i t h  pneum ococc i  and t h a t  o t h e r  p a t i e n t s  were i n  
t u r n  i n f e c t e d  b y  t h e  pneum ococc i  p r e s e n t  i n  t h e  d u s t .  
There  v/as no e v id e n c e  o f  any member o f  s t a f f  i n f e c t i n g  
t h e  du s t .
01.
(5 )  S t r e p t o c o c c u s  p y o genes  was i s o l a t e d  f rom  t h e  d u s t  
b e f o r e  t h e  s c a r l e t  f e v e r  i n c i d e n t  o c c u r r e d  and p r i o r  
t o  s e v e r a l  p a t i e n t s  and members o f  s t a f f  a c q u i r i n g  
S t r e p t o c o c c u s  p y o g e n e s .
( 6 )  The number o f  p o s i t i v e  d u s t  p l a t e s  f o r  S t r e p t o c o c c u s  
p y o g en es  m i r r o r e d  t h e  number o f  c a r r i e r s  o f  t h e  
o r g a n i s m  i n  t h e  ward .  T here  was c o n s i d e r a b l e  e v id e n c e  
t h a t  i n f e c t i o n  of  t h e  p a t i e n t s  and s t a f f  o c c u r r e d  t h r o u g h  
t h e  medium o f  t h e  d u s t .
( 7 )  The number o f  p l a t e s  c o n t a i n i n g  S t a p h y lo c o c c u s  a u r e u s  
d i d  n o t  c o r r e s p o n d  t o  t h e  number o f  c a r r i e r s  i n  t h e  
w ard .  The o r g a n i s m  was p r e s e n t  i n  t h e  d u s t  b e f o r e  
any  p a t i e n t s  were a d m i t t e d  t o  t h e  ward  u se d  f o r  
p a t i e n t s  s u f f e r i n g  f rom  m e a s l e s .
(8 )  There  vsaa l i t t l e  e v i d e n c e  t o  s u g g e s t  t h a t  p a t i e n t s  
were i n f e c t e d  w i t h  S t a p h y lo c o c c u s  a u r e u s  f rom  t h e  
d u s t .  The d u s t  c o u ld  have  become i n f e c t e d  f ro m  e i t h e r  
p a t i e n t s  o r  members o f  s t a f f ,  t h e  l a t t e r  b e i n g  t h e  
more p r o b a b l e  s o u r c e .
0 2 .
SECTION 2.
C h a p t e r  4.
I t  was hy no means t h e  p r i m a r y  o b j e c t  o f  t h i s  
i n v e s t i g a t i o n  t o  d e t e r m i n e  t h e  e f f e c t s  o f  t h e  
a n t i b i o t i c s  on t h e  b a c t e r i o l o g i c a l  f l o r a  o f  t h e  n ose  
and t h r o a t .  However, i n  any  s t u d y ,  s u c h  a s  t h i s ,  
w h ich  d e a l s  w i t h  c r o s s  i n f e c t i o n  and i n  w h ich  th e  
p a t i e n t s  h a v e ,  of  n e c e s s i t y ,  t o  be t r e a t e d  by  
a n t i b i o t i c s ,  one must  be f u l l y  aware  o f  any  c h an g e s  
due t o  c h e m o th e ra p y  and n o t  t h e  r e s u l t  o f  t h e i r  b e in g  
i n  h o s p i t a l .  F u r t h e r m o r e ,  one m ust  d e te r m in e  i f  t h e  
a d m i n i s t r a t i o n  o f  a n t i b i o t i c s  d i d  i n d e e d  l e s s e n  th e  
i n c i d e n c e  o f  c r o s s  i n f e c t i o n  i n  t h e  w ard .
* * * * * * * *
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C h a p ter  4 .
E f f e c t s  of C hem otherapy .
( a )  The A n t i b i o t i c s  u s e d  i n  t h e  t r e a t m e n t  o f  t h e  p a t i e n t s .  6 4 .
( b )  Changes fo u n d  i n  t h e  b a c t e r i o l o g i c a l  f l o r a  o f  t h e  nose
and t h r o a t  a f t e r  a d m i n i s t r a t i o n  o f  a n t i b i o t i c s .  67.
( o )  D i s c u s s i o n .  71.
( d )  Summary. 75.
* * * * * *
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( a )  The A n t i b i o t i c s  u s e d  i n  t h e  t r e a t m e n t  o f  t h e  p a t i e n t s .
P a t i e n t s  who, on a d m iss io n , were presumed to  have an 
a c u te  r e s p i r a t o r y  i l l n e s s  were t r e a t e d  by one or o th e r  of  
th e  f o l lo w in g  ch em oth era p eu tic  a g e n ts ;  o r a l  s u lp h a d ia s in e , 
o r a l  p e n i c i l l i n ,  or in tra m u scu la r  p e n i c i l l i n .  U n le ss  th e  
p a t i e n t ' s  i l l n e s s  would have been a d v e r s e ly  a f f e c t e d  the  
drug a d m in is ter ed  to  each  p a t i e n t  was determ ined s o l e l y  by 
th e  order o f  the p a t i e n t ' s  a d m iss io n . I t  was hoped th a t  
in  t h i s  way th r e e  groups would be o b ta in e d ,  each c o n ta in in g  
an ap p rox im a te ly  e q u a l  number o f  p a t i e n t s .  S u b seq u en tly  
com parison c o u ld  be made betw een  the a c t i o n  o f  each  of th e  
th r e e  above-m entioned  drugs on th e  f l o r a  o f  the  nose and 
t h r o a t .
I f  trea tm en t seemed to  be u n s u i t a b l e ,  or r e sp o n se  to  
trea tm en t  in a d e q u a te ,  some o th e r  a n t i b i o t i c  or com b ination  
o f  a n t i b i o t i c s  was g iv e n .  The s e v e r e l y  i l l  c h i l d  was g iv e n  
both  s u lp h a d ia s in e  and in tr a m u sc u la r  p e n i c i l l i n .  C o n d it io n s  
o th e r  than  an a c u te  r e s p i r a t o r y  i n f e c t i o n ,  p r e se n t  e i t h e r  
on ad m iss io n  or d e v e lo p in g  l a t e r ,  were t r e a t e d  by th e  
a n t i b i o t i c s  in d ic a t e d .  I f  the  a n t i b i o t i c  used  f o r  t h e s e  
c o n d i t io n s  was in tra m u scu la r  p e n i c i l l i n ,  the f i n d i n g s  were 
in c lu d e d  w ith  th o se  from th e  group o f  p a t i e n t s  s u f f e r i n g  
from an acu te  r e s p i r a t o r y  i l l n e s s  who were t r e a t e d  by 
in tra m u scu la r  p e n i c i l l i n .  Thus t h i s  group i s  a l i t t l e  
l a r g e r  than th e  o th er  two main grou p s.
65.
T ab le  27 sum m ar ises  t h e  number o f  p a t i e n t s  r e c e i v i n g  
e ac h  a n t i b i o t i c  o r  c o m b i n a t i o n  o f  a n t i b i o t i c s .
TABLE 27.
Showing t h e  number o f  p a t i e n t s  r e c e i v i n g  e a c h  a n t i b i o t i c  o r
c o m b i n a t i o n  o f  a n t i b i o t i c s .
T r e a t m e n t . No. o f  
P a t  i e n t s .
Su lphad  i a z i n e 34
P e n i c i l l i n  T a b l e t s  ( O r a l ) 35
I n t r a m u s c u l a r  P e n i c i l l i n  
I n t r a m u s c u l a r  P e n i c i l l i n
( s u b s e q u e n t  t o  a  s m a l l  d o s e  o f  p e n i c i l l i n  




I n t r a m u s c u l a r  P e n i c i l l i n  + S u l p h a d i a z i n e
I n t r a m u s c u l a r  P e n i c i l l i n  + S u l p h a d i a z i n e  
( s u b s e q u e n t  t o  a  s m a l l  dose  o f  p e n i c i l l i n  




I n t r a m u s c u l a r  P e n i c i l l i n  + S u l p h a d i a z i n e  
+ S t r e p t o m y c i n . 2
Aureomycin 1
S t r e p to m y c i n 2
No t r e a t m e n t 10
Ten p a t i e n t s  r e c e i v e d  no c h em o th e rap y  e i t h e r  b e c a u s e  
t h e y  d id  n o t  r e q u i r e  i t  o r  had b e en  g i v e n  a d e q u a te  t r e a t m e n t  
b e f o r e  a d m i s s i o n .  E o r  t h e  p u r p o s e s  o f  c o m p l e t e n e s s  t h e r e  
have a l s o  b een  i n c l u d e d  i n  t h e  t a b l e  one p a t i e n t  w i t h  s e p t i c  
l e s i o n s  t r e a t e d  by  a u re o m y c in  and two t u b e r c u l o u s  p a t i e n t s  
t r e a t e d  by  s t r e p t o m y c i n .
A number of p a t i e n t s  were  i n  more t h a n  one t r e a t m e n t  
g ro u p  due t o : -
( 1 )  i n a d e q u a t e  r e s p o n s e  t o  t h e  i n i t i a l  t r e a t m e n t ,  o r
( 2 ) t h e  s u b s e q u e n t  e s t a b l i s h m e n t  o f  a  d i a g n o s i s  r e q u i r i n g  
a  d i f f e r e n t  form o f  t r e a t m e n t ,  o r
( 3 ) t h e  deve lopm ent  of  a  c o n d i t i o n  d i s t i n c t  f rom  t h e  
o r i g i n a l  i l l n e s s .
Dosage of  D r u g s :
The dose o f  s u l p h a d i a z i n e  g i v e n  v a r i e d  w i t h  t h e  age  of 
thS p a t i e n t .  Thus,  0 .1 25  g m . , 0 .2 5  gm. o r  0 .5  gm. were 
g i v e n  e v e r y  f o u r  h o u r s  f o r  what  r e m a in e d  o f  t h e  a d m i s s i o n  
day and f o r  s i x  f u l l  days  t h e r e a f t e r .  The t o t a l s  f o r  a  
c o u r s e  of c h em o th e rap y  were a p p r o x i m a t e l y  4 . 7 5 0  0 . ,
1 0 .5  gm. and 21 gm. U s ing  o r a l  t a b l e t s  o f  p e n i c i l l i n ,  
c o n t a i n i n g  20 ,000  u n i t s  e a c h ,  4 0 ,0 0 0  u n i t s  were  g i v e n  e v e r y  
f o u r  h o u r s .  L a t e r  i n  th e  i n v e s t i g a t i o n ,  6 0 ,0 0 0  u n i t s  were  
g i v e n  e v e r y  f o u r  h o u r s .  The t o t a l  dosage  was t h e r e f o r e  
a p p r o x i m a t e l y  1 , 680 ,0 00  u n i t s  and l a t e r  2 , 5 2 0 , 0 0  u n i t s .  
I n t r a m u s c u l a r  p e n i c i l l i n  i n  a  d osage  o f  5 0 ,0 0 0  u n i t s  was 
g i v e n  e v e r y  f o u r  h o u r s  t o  a  t o t a l  of a p p r o x i m a t e l y  2 , 10 0 , 0 0 0  
u n i t s .  A h i g h e r  dose  was g i v e n  t o  some v e r y  i l l  p a t i e n t s  
and one o f  the cases of s t a p h y l o c o c c a l  empyema had  a  t o t a l  o f  
4 5 ,0 0 0 , 0 0 0  u n i t s ,  w h i l e  i n  h o s p i t a l .  When s u l p h a d i a z i n e  
was g i v e n  w i t h  p e n i c i l l i n ,  t h e  u s u a l  d osage  o f  th e  d ru g  was 
g i v e n  a l o n g  w i t h  p e n i c i l l i n  5 0 ,0 0 0  or  250 ,000  u n i t s  e v e ry  
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(b )  Changes found  i n  t h e  b a c t e r i o l o g i c a l  f l o r a  o f  th e  nose
and t h r o a t  a f t e r  a d m i n i s t r a t i o n  o f  a n t i b i o t i c s :
Only i n  a  p r o p o r t i o n  o f  p a t i e n t s  d id  t r e a t m e n t  by  th e  
a n t i b i o t i c s  b r i n g  a b o u t  any change  i n  t h e  b a c t e r i o l o g i c a l  
f l o r a  p r e s e n t  i n  t h e  nose  o r  t h r o a t .  M oreover ,  t h e r e  was 
no u n i f o r m i t y  i n  the  b e h a v i o u r  o f  t h e  v a r i o u s  o rg a n i s m s  t o  
t h e  v a r i o u s  t r e a t m e n t  r o u t i n e s .
S t r e p t o c o c c u s  py o genes  was t h e  o r g a n i s m  m ost  o f t e n  
e l i m i n a t e d  a s  a  r e s u l t  of t r e a t m e n t .  Of p a t i e n t s  c a r r y i n g  
S t r e p t o c o c c u s  py o genes  a t  t h e  commencement of t r e a t m e n t ,
7 2 .7  p e r  c e n t  no l o n g e r  c a r r i e d  i t  by  t h e  t i m e  t r e a t m e n t  
was c o m p le te d .  A pneumococcus was l o s t  by  4 8 .1  p e r  c e n t  
and S t a p h y lo c o c c u s  a u r e u s  by  60 p e r  c e n t  o f  p a t i e n t s  
r e c e i v i n g  t r e a t m e n t .  The f i n d i n g s  a r e  sum m arised  i n  
T ab les  28a and b .
i ) .  The Pneum ococcus: With  t h e  e x c e p t i o n  o f  t h e  s m a l l
g ro u p  t r e a t e d  by combined s u l p h a d i a z i n e  and i n t r a m u s c u l a r  
p e n i c i l l i n ,  a p p r o x i m a t e l y  h a l f  t h e  p a t i e n t s  i n  each  
t r e a t m e n t  g ro u p  c a r r i e d  t h e  same ty p e  o f  pneumococcus b e f o r e  
and a f t e r  t h e  c o m p l e t i o n  of  t h e  c o u r s e  o f  t r e a t m e n t .  
F u r t h e r m o r e ,  d e s p i t e  t r e a t m e n t  f r e s h  penum ococca l  t y p e s  
were  a c q u i r e d  by a p p r o x i m a t e l y  a f i f t h  o f  th e  p a t i e n t s  
r e c e i v i n g  e a c h  a n t i b i o t i c  ( 1 6 . 7 $  o f  t h o s e  r e c e i v i n g  i n t r a ­
m u s c u la r ,  and 2 2 .9 $  o f  t h o s e  r e c e i v i n g  o r a l  p e n i c i l l i n ;
1 7 . 6 $  o f  t h o s e  r e c e i v i n g  s u l p h a d i a z i n e ) .
A number of  t h e  p a t i e n t s ,  ho w ev er ,  no l o n g e r  c a r r i e d  
a  pneumococcus by t h e  t im e  t r e a t m e n t  was c o m p le te d  and i n  
m ost  of t h e s e  i t  r e m a in e d  a b s e n t  d u r i n g  t h e  r e m a i n d e r  o f  
th e  p a t i e n t f e  s t a y  i n  h o s p i t a l .  The p r e c e n t a g e  l o s i n g  a 
pneumococcus was s i m i l a r  f o r  t h e  s u l p h a d i a z i n e  and t h e  
o r a l  p e n i c i l l i n  g ro u p s  ( 3 6 . 8$ and 36$ r e s p e c t i v e l y ) ,  
w h e re a s  a  l a r g e r  p e r c e n t a g e  ( 5 8 . 6 $ )  o f  p a t i e n t s  i n  t h e  
i n t r a m u s c u l a r  p e n i c i l l i n  g r o u p  l o s t  t h e i r  pn eu m ococc i .
C a u t i o n  i s  r e q u i r e d  i n  i n t e r p r e t i n g  th e  f i g u r e s  b e c a u s e  o f  
t h e  s m a l l  numbers  o f  p a t i e n t s  i n v o l v e d ,  b u t  t h e  d i f f e r e n c e  i s  
s t a t i s t i c a l l y  s i g n i f i c a n t .  Very few p a t i e n t s  were t r e a t e d  
by combined s u l p h a d i a z i n e  and p e n i c i l l i n  t h e r a p y  and t h e  
r e s u l t s  f o r  t h e s e  p a t i e n t s  were  t h e r e f o r e  o f  l i t t l e  v a l u e .
When p a r t i c u l a r  a t t e n t i o n  was p a i d  to  th e  n a t u r e  of 
t h e  r e s p i r a t o r y  i l l n e s s  s u f f e r e d  by t h e  p a t i e n t s ,  i . e .  
b r o n c h i t i s  o r  pneumonia ,  i t  was found  t h a t  t h i s  had  no 
e f f e c t  on t h e  b e h a v i o u r  of t h e  pneumococci  i n  t h e  n o se  and 
t h r o a t  a s  a  r e s u l t  of  t r e a t m e n t .
Table  N o .29 sum m ar ise s  t h e  t y p e s  of  pneum ococc i  
e l i m i n a t e d  f rom  th e  nose  and  t h r o a t  a s  a  r e s u l t  of  
t r e a t m e n t .  A l l  t y p e  19 pneum ococc i  were  e l i m i n a t e d ,  
w h e re a s  most  of  t y p e  b and t y p e  23 pneum ococc i  were  s t i l l  
p r e s e n t  a t  t h e  end o f  t r e a t m e n t .  Types 1 ,  21,  11 and 22 
were  q u i t e  f r e q u e n t l y  e l i m i n a t e d .  I t  i s  a n  i n t e r e s t i n g  
f a c t  t h a t  t y p e  19 was u n i v e r s a l l y  e l i m i n a t e d  a s  a  r e s u l t  o f  
t r e a t m e n t .  I t  may be a c h a n c e  o c c u r r e n c e  o r  t h e  d i r e c t
TABLE NO. 2 9 .
Showing th e  t y p e s  o f  penum ococc i  e l i m i n a t e d  by t h e r a p y .
Pneum ococca l
Type.
Pneum ococci  
p r e s e n t  p r i o r  
t o  t h e r a p y .
Pneum ococci  
e l i m i n a t e d  "by 
t h e r a p y .
No. No. _ 1* _
23 15 4 2 6 .7
6 14 6 4 2 . 9
19 7 7 1 0 0 .0
1 5 3 6 0 .0
14 5 1 2 0 .0
21 5 3 6 0 . 0
11 4 3 7 5 .0
7 3 1 3 3 .0
22 3 3 1 0 0 . 0
20 2 1 5 0 . 0
18 2 2 1 0 0 . 0
8 2 1 5 0 .0
1 0 : 3 1 :  Or .0 :U .  T. T. 1 1 1 0 0 . 0
r e s u l t  of th e  i n t r a m u s c u l a r  p e n i c i l l i n  which  was g i v e n  t o  
f i v e  of t h e  s e v e n  p a t i e n t s  who l o s t  t h i s  t y p e .
L a s t l y ,  some p a t i e n t s  who c a r r i e d  two t y p e s  l o s t  one
t y p e ,  w h e rea s  t h e  second ty p e  p e r s i s t e d  d e s p i t e  t r e a t m e n t .
i i ) .  S t r e p t o c o c c u s  p y o g e n e s :
U n f o r t u n a t e l y  t h e  number o f  p a t i e n t s  who c a r r i e d  
S t r e p t o c o c c u s  p y o g en es  i n  e a c h  t r e a t m e n t  g r o u p  was s m a l l  
and t h e  o n ly  two w h ich  were c o m p a rab le  were t h e  o r a l  and 
t h e  i n t r a m u s c u l a r  p e n i c i l l i n  g r o u p s .
As was found  w i t h  t h e  pneumococcus,  t r e a t m e n t  d i d  n o t
p r e v e n t  th e  a c q u i s i t i o n  o f  S t r e p t o c o c c u s  p y o g e n e s .  A l th o u g h
t h e  number o f  p a t i e n t s  a c q u i r i n g  th e  o r g a n i s m  d u r i n g  
t r e a t m e n t  was s m a l l ,  (6 i n  n u m b er) ,  t h r e e  of  t h e s e  p a t i e n t s  
a c q u i r e d  t h e  o r g a n i s m  i n  l a r g e  numbers .  T here  was one 
p a t i e n t  i n  e ach  of  th e  t h r e e  main  t r e a t m e n t  g r o u p s .
Only I 3 . 6  p e r  c e n t  o f  t h e  p a t i e n t s  s t i l l  c a r r i e d  
S t r e p t o c o c c u s  py og en es  a t  t h e  end of  t h e  c o u r s e  of  t r e a t m e n t ,  
and 7 2 .7  p e r  c e n t  no l o n g e r  d id  s o .  I n  a  f u r t h e r  1 3 . 6  p e r  
c e n t  th e  o rg an ism  was t e m p o r a r i l y  l o s t  b u t  was a g a i n  
i s o l a t e d  p r i o r  t o  th e  p a t i e n t ' s  d i s m i s s a l .  B o th  o r a l  and 
i n t r a m u s c u l a r  p e n i c i l l i n  i n  t h i s  s m a l l  number o f  p a t i e n t s  
seemed e q u a l l y  e f f e c t i v e  i n  c l e a r i n g  t h e  n o s e  and t h r o a t  o f  
S t r e p t o c o c c u s  p y o g e n e s .
i i i ) .  S t a p h y lo c o c c u s  a u r e u s :
I t  so h a p pened  t h a t  most  of t h e  p a t i e n t s  c a r r y i n g  
S t a p h y lo c o c c u s  a u r e u s  a t  t h e  commencement o f  t r e a t m e n t ,  were
g i v e n  i n t r a m u s c u l a r  p e n i c i l l i n ,  and t h u s  c o m p a r i s o n  b e tw een  
th e  t r e a t m e n t  g r o u p s  was n o t  p r a c t i c a b l e .  At t h e  end o f  
t r e a t m e n t  28 p e r  c e n t  s t i l l  c a r r i e d  t h e  o r g a n i s m  w h e r e a s  60 
p e r  c e n t  no l o n g e r  d id  so ,  the  r e m a i n i n g  12 p e r  c e n t  l o s t  
t h e  o rg a n i s m  o n ly  t e m p o r a r i l y  and i t  r e c u r r e d  w h i l e  t h e  
p a t i e n t  was s t i l l  i n  h o s p i t a l .  T a k in g  t h e  i n t r a m u s c u l a r  
p e n i c i l l i n  g ro u p  a lo n e  S t a p h y lo c o c c u s  a u r e u s  was e l i m i n a t e d  
f rom  t h e  nose  and t h r o a t  of 4 6 .2  p e r  c e n t  o f  t h e  p a t i e n t s .
D e s p i t e  t r e a t m e n t  many p a t i e n t s  a c q u i r e d  S t a p h y l o c o c c u s  
a u r e u s .  F r e q u e n t l y  the  o r g a n i s m  was a c q u i r e d  i n  l a r g e  
n um bers .  A d i f f e r e n c e  of some i m p o r t a n c e  was found  i n  t h e  
p e r c e n t a g e  of  p a t i e n t s  i n  each  t r e a t m e n t  g ro u p  who a c q u i r e d  
t h e  o rg a n i s m .  Of p a t i e n t s  r e c e i v i n g  s u l p h a d i a z i n e  5 2 .9  
p e r  c e n t  a c q u i r e d  t h e  o r g a n i s m ,  w h e r e a s  20 p e r  c e n t  o f  
t h o s e  r e c e i v i n g  o r a l  and 31 p e r  c e n t  o f  t h o s e  r e c e i v i n g  
i n t r a m u s c u l a r  p e n i c i l l i n  a c q u i r e d  t h e  o rg a n i s m .
C o a g u la se  and p e n i c i l l i n  s e n s i t i v i t y  t e s t s  were  done 
on a  p r o p o r t i o n  of  t h e  s t a p h y l o c o c c i  i s o l a t e d  f ro m  t h e  
p a t i e n t s .  S t a p h y l o c o c c i  i s o l a t e d  b e f o r e  and a f t e r  t r e a t m e n t  
w i t h  p e n i c i l l i n  were examined f rom  f o u r  o f  a  p o s s i b l e  s i x  
p a t i e n t s .  A l l  had  s e n s i t i v e  o r g a n i s m s  p r i o r  to  t r e a t m e n t ,  
and i n  two t h e  o r g a n i s m  re m a in e d  s e n s i t i v e ,  b u t  i n  t h e  
o t h e r  two the  o rg an ism  i s o l a t e d  a f t e r  th e  c o m p l e t i o n  of 
t r e a t m e n t  was p e n i c i l l i n  r e s i s t a n t .  A c q u i re d  s t a p h y l o c o c c i  
f rom  21 p a t i e n t s  were  exam ined .  Of t h e s e  p a t i e n t s , f o u r  
c a r r i e d  c o a g u l a s e  n e g a t i v e  and 17 c o a g u l a s e  p o s i t i v e
7 1 .
o r g a n i s m s .  Of t h e  l a t t e r  organisms, 13 were p e n i c i l l i n  
r e s i s t a n t ,  two were p e n i c i l l i n  s e n s i t i v e ,  and i n  one b o t h  
s e n s i t i v e  and r e s i s t a n t  s t r a i n s  were  p r e s e n t .  The 
r e m a i n i n g  o rg a n i s m  was n o t  t e s t e d  f o r  s e n s i t i v i t y  t o  
p e n i c i l l i n .
There  was no t e n d e n c y  f o r  t h e  r e s i s t a n t  o r g a n i s m  t o  
he e s p e c i a l l y  a c q u i r e d  by p a t i e n t s  b e i n g  t r e a t e d  by 
p e n i c i l l i n .
( c )  D i s c u s s i o n .
I t  was a p p a r e n t  f ro m  t h e  f o r e g o i n g  t h a t  i n  a  
p e rc en ta g e -  of p a t i e n t s  t h e  a d m i n i s t r a t i o n  o f  th e  a n t i ­
b i o t i c s ,  p e n i c i l l i n  and s u l p h a d i a z i n e ,  d id  b r i n g  a b o u t  t h e  
e l i m i n a t i o n  o f  o rg a n i s m s  f rom  t h e  n o se  and t h r o a t .  T h is  
e f f e c t  was most  marked i n  t h e  c a s e  o f  S t r e p t o c o c c u s  p y o g e n e s ,  
and t h e  a n t i b i o t i c  b r i n g i n g  a b o u t  m ost  change  was i n t r a ­
m u s c u la r  p e n i c i l l i n .
The p e r s i s t e n c e  of  o r g a n i s m s  i n  t h e  n o s e  and t h r o a t  
of  some p a t i e n t s  t h r o u g h o u t  a  c o u r s e  o f  c h e m o th e ra p y  was no 
r e f l e c t i o n  on t h e  r e s u l t s  o f  t r e a t m e n t  b e c a u s e  c l i n i c a l l y  
a l l  p a t i e n t s  r e s p o n d e d  w e l l  to  th e  d r u g s  g i v e n .  The most  
p r o b a b l e  e x p l a n a t i o n  o f  t h i s  was t h a t  p e n i c i l l i n  and t h e  
su lp h o n a m id e s  were e x c r e t e d  i n  g r e a t e r  c o n c e n t r a t i o n  i n t o  
th e  a c t u a l  l u n g  t i s s u e  t h a n  i n t o  t h e  u p p e r  a i r  p a s s a g e s .
Changes  a r e  known to  o c c u r  i n  t h e  b a c t e r i o l o g i c a l  
f l o r a  o f  t h e  mouth when p e n i c i l l i n  i s  g i v e n  s y s t e m i c a l l y  
i n  s u f f i c i e n t  d osa ge  (Long, 1946 a , 1946B, 1947A).  T h is
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change  i s  due t o  t h e  e x c r e t i o n  of  p e n i c i l l i n  i n  t h e  s a l i v a  
and Long (1947B) showed t h a t  t h e  t h r e s h o l d  f o r  p e n i c i l l i n  
e x c r e t i o n  i n  t h e  s a l i v a  i s  a t t a i n e d  o n ly  hy d o s e s  o f  5 0 0 ,0 0 0  
u n i t s  and more i n  t h e  24 h o u r s .  The u s e  o f  t h e s e  b i g  d o s e s  
o f  p e n i c i l l i n  b r i n g s  a b o u t  th e  e l i m i n a t i o n  o f  p e n i c i l l i n  
s e n s i t i v e  o rg an ism s  f ro m  t h e  s u r f a c e  of  t h e  t o n s i l  and f ro m  
t h e  nose  and p h a ry n x  a s  w e l l  a s  f ro m  th e  mouth.  C o n s i d e r i n g  
t h e  d osa ge  u sed  by  t h e  w r i t e r  i t  i s  l i t t l e  wonder  t h a t  t h e  
c h a n g e s  i n  t h e  n o se  and t h r o a t  were n o t  c o n s t a n t ,  
f u r t h e r m o r e ,  i t  was n o t  known w h e t h e r  a l l  p neu m o c o cc i ,  
s t r e p t o c o c c i  and s t a p h y l o c o c c i  p r e s e n t  p r i o r  t o  t r e a t m e n t  
were  i n  f a c t  p e n i c i l l i n  s e n s i t i v e .
A d m i n i s t r a t i o n  of  p e n i c i l l i n  l o c a l l y  a l s o  b r i n g s  a b o u t  
c h a n g e s  i n  t h e  b a c t e r i o l o g i c a l  f l o r a  o f  t h e  mouth .  (G arrod  
1944B; MacGregor and Long 1 9 4 4 ) .  L o n g , ( 1947B )found  t h a t  a n  
e l i m i n a t i o n  o f  p e n i c i l l i n  s e n s i t i v e  o r g a n i s m s  s i m i l a r  t o  
t h a t  m e n t io n e d  above when i n t r a m u s c u l a r  p e n i c i l l i n  was 
u s e d ,  o c c u r r e d  when o r a l  p e n i c i l l i n  was a d m i n i s t e r e d .  T h i s  
t im e  t h e  e f f e c t  was m a in ly  on t h e  f l o r a  o f  t h e  mouth and 
t h e r e  was l i t t l e  e f f e c t  on t h e  f l o r a  of t h e  n o s e ,  t h e  
' t o n s i l s  o r  th e  p h a ry n x .  M oreover ,  t h e  e f f e c t  was n o t  
m a i n t a i n e d  t h r o u g h o u t  t h e  24 h o u r s  w i t h o u t  t h e  c o n s c i o u s  
c o - o p e r a t i o n  o f  t h e  p a t i e n t  i n  s u c k i n g  t h e i r  p a s t i l l e s  
r e g u l a r l y .  I n  t h e  c a s e  of b o t h  o r a l  and i n t r a m u s c u l a r  
p e n i c i l l i n  t h e  i n i t i a l  l o s s  o f  p e n i c i l l i n  s e n s i t i v e  
o rg a n i s m s  was f o l l o w e d  by a  r e p l a c e m e n t  by o r g a n i s m s  of
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t h e  B a c t e r i u m  g ro u p .  When t r e a t m e n t  was d i s c o n t i n u e d  
t h e s e  B a c t e r i a  g r a d u a l l y  d e c r e a s e d  i n  numbers  and t h e  
no rm al  f l o r a  r e - e s t a b l i s h e d  i t s e l f .
S i m i l a r  d i f f e r e n c e  i n  t h e  e x c r e t i o n  i n t o  t h e  l u n g s  
and i n t o  t h e  mouth o c c u r s  w i t h  t h e  su lp h o n a m id e s .
Landsman e t  a l  (1951)  showed t h a t  s u lp h o n a m id e s  had l i t t l e  
e f f e c t  on an  a c u t e  t h r o a t  i n f e c t i o n ,  w h e re a s  i t  i s  w e l l  
known t h a t  t h e  su lp h o n a m id e s  p r o v i d e  a d e q u a te  t h e r a p y  f o r  
a  pneumonic i n f e c t i o n .  The same a u t h o r s  e m p h a s i s e d  th e  
f a c t  t h a t  i n t r a m u s c u l a r  p e n i c i l l i n  was t h e  t r e a t m e n t  o f  
c h o i c e  i n  an a c u t e  t h r o a t  i n f e c t i o n  o f  s t r e p t o c o c c a l  o r i g i n .  
The w r i t e r ' s  f i n d i n g s  i n  t h i s  i n v e s t i g a t i o n  i n d i c a t e  t h a t  
t h i s  m igh t  w e l l  be t h e  c a s e .
The e f f e c t  w hich  t h e  a d m i n i s t r a t i o n  o f  t h e  a n t i b i o t i c s  
h a s  i n  p r e v e n t i n g  c r o s s  i n f e c t i o n  must  be o n ly  o f  m inor  
i m p o r t a n c e  s i n c e  many p a t i e n t s  a c q u i r e d  pneum ococc i  o f  
o t h e r  t y p e s ,  s t r e p t o c o c c i  o r  s t a p h y l o c o c c i ,  i n  t h e  n o se  or  
t h r o a t  w h i l e  t h e y  were  r e c e i v i n g  one o f  t h e  a n t i b i o t i c s .
I t  i s  p o s s i b l e  h o w ever ,  t h a t  t h e  d e v e lo p m e n t  of  i l l n e s s  
due t o  t h e s e  a c q u i r e d  o r g a n i s m s  may t o  some e x t e n t  have  
b e en  p r e v e n t e d .
I t  i s  o f  i n t e r e s t  a t  t h i s  p o i n t  t o  c o n s i d e r  T ab le  N o . 30. 
The members o f  s t a f f  r e c e i v e d  no c h e m o th e r a p y  and t h e  
p e r c e n t a g e  a c q u i r i n g  a  pneumococcus was s i m i l a r  t o  th e  
p e r c e n t a g e  o f  p a t i e n t s  so d o i n g .  ( I t  i s  f u l l y  r e a l i s e d ,  
however ,  t h a t  t h e  t o t a l s  i n v o l v e d  a r e  v e r y  d i f f e r e n t ) .
TABLE NO.3 0 .
To show and compare t h e  p e r c e n t a g e s  o f  p a t i e n t s  and s t a f f  
c a r r y i n g  t h e  v a r i o u s  o rg a n i s m s  a t  t h e  f i r s t  sw ab b ing  o r  
a c q u i r i n g  them a f t e r  t h e  f i r s t  sw ab b in g .
P a t i e n t s S t a f f
io c a r r y i n g  t h e  o rg a n i s m  
a t  t h e  1 s t  sw ab b ing . 6 1 .8 2 1 .4
Pneumococcus
i  a c q u i r i n g  t h e  o rg a n is m  
a f t e r  t h e  1 s t  sw abb ing . 3 6 .6 3 8 .1
i  c a r r y i n g  t h e  o rg a n i s m  
a t  t h e  1 s t  sw ab b ing . 1 8 .3 1 9 .0
S t r e p t o c o c c u s
p y o g e n es i  a c q u i r i n g  t h e  o r g a n i s m  
a f t e r  t h e  1 s t  sw ab b in g . 1 9 . 1 4 5 .2
i  c a r r y i n g  t h e  o rg a n i s m  
a t  t h e  1 s t  sw ab b ing . 1 7 .6 4 2 .9
S t a p h y lo c o c c u s
a u r e u s . i  a c q u i r i n g  t h e  o rg a n is m  
a f t e r  t h e  1 s t  sw ab b in g . 4 8 .9 1 3 .3
TOTAL: 131 42
One m ig h t  w e l l  have  e x p e c t e d  a h i g h e r  p e r c e n t a g e  of  p a t i e n t s  
t h a n  o f  s t a f f ,  s i n c e  t h e  pneumococcus i s  su ch  a  f r e q u e n t  
commensal i n  t h e  n ose  and t h r o a t  of  t h e  c h i l d .  The u se  o f  
t h e  a n t i b i o t i c s  may have  to  some e x t e n t  l i m i t e d  t h e  
p e r c e n t a g e  of  p a t i e n t s  a c q u i r i n g  a  pneumococcus ,  b u t  i t  
more c e r t a i n l y  was a  l i m i t i n g  f a c t o r  i n  t h e  a c q u i s i t i o n  o f  
S t r e p t o c o c c u s  p y o g e n e s .  Hence t h e  s m a l l  p e r c e n t a g e  of 
p a t i e n t s  a s  compared w i t h  t h a t  of  t h e  s t a f f  who a c q u i r e d  
t h e  o rg a n i s m .
A much l a r g e r  p e r c e n t a g e  o f  p a t i e n t s  t h a n  of  s t a f f  
a c q u i r e d  S t a p h y lo c o c c u s  a u r e u s .  Any p o s s i b l e  d e t e r r e n t  
e f f e c t  of  t h e  a n t i b i o t i c s  on t h e  a c q u i s i t i o n  of  t h i s  
o r g a n i s m  would be l i m i t e d  t o  th e  o c c a s i o n a l  i n s t a n c e  where 
a  p e n i c i l l i n  s e n s i t i v e  o r g a n i s m  was a c q u i r e d  by a  p e n i c i l l i n  
t r e a t e d  p a t i e n t .  I t  was however  shown t h a t  t h e  m a j o r i t y  
o f  t h e  o rg a n is m s  a c q u i r e d  were  p e n i c i l l i n  r e s i s t a n t .  
S u l p h a d i a z i n e  c o u ld  be e x c lu d e d  a s  a  d e t e r r e n t  t o  
a c q u i s i t i o n  b e c a u se  o f  i t s  l i m i t e d  a c t i o n  on th e  
s t a p h y l o c o c c u s .
I n  c o n c l u s i o n  one must  r e f e r  to  t h e  work n o t  o n ly  o f  
Long (1947B) b u t  o f  H a i f n e r ,  N e t t e r  and R u b in  ( 1 9 5 0 ) ,  and 
Lipman, Goss and B o o ts  ( 1 9 4 6 ) ,  who fou n d  t h a t  t h e  o r g a n i s m s  
p r e s e n t  i n  th e  u p p e r  r e s p i r a t o r y  t r a c t  were e l i m i n a t e d  a s  a 
r e s u l t  of  t r e a t m e n t  by p e n i c i l l i n  a lo n e  o r  w i t h  th e  
s u lp h o n a m id e s ,  o n ly  t o  be r e p l a c e d  by o r g a n i s m s ,  n o t  
p r e v i o u s l y  p r e d o m i n a n t ,  which  were  n o t  a f f e c t e d  by t h e  d r u g s
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a d m i n i s t e r e d .  The ahove w r i t e r s  u s e d  g r e a t e r  q u a n t i t i e s  o f  
a n t i b i o t i c s  and found  t h a t  t h e  r e p l a c e m e n t  was m a i n l y  hy 
B a c t e r i u m  c o l i  and o t h e r  gram n e g a t i v e  o r g a n i s m s ,  and i t  i s  
w i t h i n  t h e  r e a l m s  of p o s s i b i l i t y  t h a t  a  s i m i l a r  r e p l a c e m e n t  
o c c u r r e d  i n  t h i s  i n v e s t i g a t i o n .  I n  t h i s  i n s t a n c e ,  how ever ,  
t h e  r e p l a c i n g  o r g a n i s m  was t h e  S t a p h y l o c o c c u s  a u r e u s ,  u s u a l l y  
o f  a  p e n i c i l l i n  r e s i s t a n t  s t r a i n .
( d )  Summary of  B i n d i n g s .
1 .  The pneumococcus i n  t h e  n o se  o r  t h r o a t  had a p p r o x i m a t e l y  
a  50 p e r  c e n t  c h an c e  o f  s u r v i v i n g  a  c o u r s e  of chemo­
t h e r a p y .  I t  s u r v i v e d  l e a s t  o f t e n  when t r e a t m e n t  was by  
i n t r a m u s c u l a r  p e n i c i l l i n .
2 .  S t r e p t o c o c c u s  py o genes  was v e r y  s u s c e p t i b l e  t o  p e n i c i l l i n  
and most so  to  o r a l  p e n i c i l l i n .
3 .  S t a p h y lo c o c c u s  a u r e u s  was a lm o s t  a s  s u s c e p t i b l e  a s  t h e  
pneumococcus t o  i n t r a m u s c u l a r  p e n i c i l l i n .  I t s  b e h a v i o u r  
w i t h  o t h e r  d r u g s  was n o t  d e t e r m i n e d .
4 .  A l l  t h r e e  o r g a n i s m s  were  a c q u i r e d  by p a t i e n t s  u n d e r g o i n g  
c h em o th e rap y  b u t  e s p e c i a l l y  S t a p h y l o c o c c u s  a u r e u s .
P a t i e n t s  r e c e i v i n g  t r e a t m e n t  by s u l p h a d i a z i n e  a c q u i r e d  
o r g a n i s m s  more o f t e n  t h a n  t h o s e  r e c e i v i n g  e i t h e r  o r a l
o r  i n t r a m u s c u l a r  p e n i c i l l i n .  Many o f  t h e  a c q u i r e d  s t r a i n s  
o f  s t a p h y l o c o c c i  were  c o a g u l a s e  p o s i t i v e  and p e n i c i l l i n  
, r e s i s t a n t .  I t  i s  s u g g e s t e d  t h a t  t h i s  may have  been  a  
replacement o f  t h e  n o rm a l  f l o r a  o f  t h e  n o se  and t h r o a t
by o r g a n i s m s  n o t  a f f e c t e d  by t h e  a n t i b i o t i c s  u s e d .
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E v id e n c e  of C r o s s  I n f e c t i o n ,
C r o s s  i n f e c t i o n  m a n i f e s t s  i t s e l f  i n  two ways,  
c l i n i c a l l y  and b a c t e r i o l o g i c a l l y ,  and t h e r e  i s  no l e t t e r  
o r  more s im p le  d e f i n i t i o n  t h a n  t h e  f o l l o w i n g ,  t a k e n  f ro m  
t h e  r e c e n t  M e d ic a l  R e s e a r c h  C o u n c i l  memorandum on ’'The 
C o n t r o l  o f  C r o s s  I n f e c t i o n  i n  H o s p i t a l s ” ( 1 9 5 1 ) .  
" C l i n i c a l l y ,  c r o s s  i n f e c t i o n  i s  m a n i f e s t e d  a s  r e s p i r a t o r y ,  
g a s t r o - i n t e s t i n a l ,  wound, s k i n  o r  mucous membrane 
i n f e c t i o n ,  a r i s i n g  d u r i n g  t h e  c o u r s e  o f  a n o t h e r  d i s e a s e .  
B a c t e r i o l o g i c a l l y ,  i t  i m p l i e s  t h e  a c q u i s i t i o n  b y  a p a t i e n t  
o f  p a th o g e n ic  m i c r o - o r g a n i s m s  n o t  p r e s e n t  on a d m i s s i o n  t o  
h o s p i t a l . ” C h a p te r  I  o f  t h i s  s e c t i o n  d e a l s  w i t h  su ch  
c l i n i c a l  e v id e n c e  o f  c r o s s  i n f e c t i o n  a s  was fo u n d  i n  t h e  
w r i t e r f s i n v e s t i g a t i o n  and C h a p te r  2, w i t h  t h e  
b a c t e r i o l o g i c a l  e v i d e n c e .
For  t h e  p u r p o s e s  of  t h i s  i n v e s t i g a t i o n ,  any r e l a p s e  
i n  t h e  o r i g i n a l  r e s p i r a t o r y  i l l n e s s  was i n c l u d e d  a s  a  
p o s s i b l e  c l i n i c a l  m a n i f e s t a t i o n  o f  an a c q u i r e d  r e s p i r a t o r y  
i n f e c t i o n .  Any su dden  e l e v a t i o n  of  t e m p e r a t u r e  o c c u r r i n g  
d u r i n g  t h e  p e r i o d  o f  t im e  i n  h o s p i t a l  was a l s o  c o n s i d e r e d  
a s  a  p o s s i b l e  c l i n i c a l  m a n i f e s t a t i o n .  The o c c u r r e n c e  o f  
b a c t e r i o l o g i c a l  c r o s s  i n f e c t i o n  was a s c e r t a i n e d  f rom  th e  
e x a m i n a t i o n  of  t h e  f l o r a  o f  t h e  u p p e r  r e s p i r a t o r y  t r a c t  
o n l y .  C l i n i c a l  and b a c t e r i o l o g i c a l  e v id e n c e  were  
c o r r e l a t e d  w h e r e v e r  p o s s i b l e .
C h a p t e r  I .
C l i n i c a l  E v id e n c e  o f  C r o s s  I n f e c t i o n .
( a )  E v id e n c e  o f  C r o s s  I n f e c t i o n *
(*b) D i s c u s s io n *
( c )  Summary.
C h a p te r  I .
( a )  E v id e n c e  o f  C r o s s  I n f e c t i o n .
D u r i n g  t h e i r  s t a y  i n  h o s p i t a l ,  22 o f  t h e  p a t i e n t s  had  
e i t h e r  a  r e l a p s e  i n  t h e i r  c l i n i c a l  c o n d i t i o n  o r  d e v e l o p e d  some 
c l i n i c a l  f e a t u r e  s u g g e s t i n g  t h e  p o s s i b i l i t y  o f  an a c q u i r e d  
i n f e c t i o n  and t h e r e f o r e  t h e  n e e d  t o  i n v e s t i g a t e  i t .  Three  
o f  t h e  p a t i e n t s  h a d  two s u c h  i n c i d e n t s .  On e a c h  o c c a s i o n  
swabs were  t a k e n  f rom  t h e  n o s e  and t h r o a t  and t h e  r e s u l t s  
were a s  f o l l o w s .
I n  14 i n s t a n c e s ,  56 p e r  c e n t ,  t h e r e  was no c h a n g e ,  o r  
a t  l e a s t  no s i g n i f i c a n t  c h a n g e ,  i n  t h e  b a c t e r i o l o g i c a l  
f l o r a  o f  t h e  n o se  and t h r o a t .  I n  o n ly  tw o ,  had  a  pneumo- 
c o c c u s  b e e n  a c q u i r e d  w h e re a s  i n  f o u r ,  S t r e p t o c o c c u s  p y o g e n e s  
and i n  a  f u r t h e r  f i v e ,  S t a p h y l o c o c c u s  a u r e u s  had  be en  a c q u i r e d ,
( a )  The t e n  p a t i e n t s  i n  whom t h e r e  was no change  i n  t h e  
b a c t e r i o l o g i c a l  f l o r a ,  i n c l u d e d  two p a t i e n t s  who had  had a  
r e l a p s e  i n  t h e i r  c l i n i c a l  c o n d i t i o n  and two who h a d  h a d  an 
u n e x p l a i n e d  e l e v a t i o n  o f  t e m p e r a t u r e  b u t  no w o r s e n i n g  o f  
t h e i r  c l i n i c a l  c o n d i t i o n .  One o t h e r  p a t i e n t  h ad  an e l e v a t i o n  
o f  t e m p e r a t u r e  b u t  t h i s  p a t i e n t  d e v e l o p e d  g a s t r o - e n t e r i t i s  
t h e  f o l l o w i n g  day .  A f u r t h e r  two p a t i e n t s  were  c o n t a c t s  o f  
s c a r l e t  f e v e r  and  each  had  symptoms o f  p h a r y n g i t i s  and  a n  
e l e v a t i o n  o f  t e m p e r a t u r e .  One o f  t h e s e  l a t t e r  two p a t i e n t s  
c a r r i e d  S t r e p t o c o c c u s  p y o g e n e s  i n  a  s u b s e q u e n t  sw abb in g ,  
f i n a l l y ,  t h e r e  were two p a t i e n t s  who d e v e l o p e d  o t i t i s  m e d ia
w h i l e  i n  h o s p i t a l ,  and one who d e v e lo p e d  g a s t r o - e n t e r i t i s .
I t  i s  n o t e w o r t h y  t h a t  t h e  f i r s t  two p a t i e n t s  i n  t h i s  g r o u p ,  
t h o s e  w i t h  a c l i n i c a l  r e l a p s e ,  r e s p o n d e d  s a t i s f a c t o r i l y  t o  
a  change  o f  t r e a t m e n t  f rom s u l p h a d i a z i n e  t o  i n t r a m u s c u l a r  
p e n i c i l l i n ,  and t h e  r e a s o n  f o r  t h e  r e l a p s e  v/ould seem t o  
have b e e n  s im p ly ,  u n s u i t a b l e  t r e a t m e n t .
(b )  I n  t h e  f o u r  p a t i e n t s  where t h e r e  was no s i g n i f i c a n t  
change  i n  t h e  f l o r a  o f  t h e  n o se  and t h r o a t  when symptoms 
s u g g e s t e d  an a c q u i r e d  i n f e c t i o n ,  a  few  c o l o n i e s  o f  
S t a p h y lo c o c c u s  a u r e u s  were i s o l a t e d  from  t h e  n o se  w h e r e a s ,  
none had  b e en  i s o l a t e d  f rom  t h e  p r e v i o u s  sw abb ing .  I n  t h r e e  
o f  t h e s e  f o u r  p a t i e n t s ,  an e l e v a t i o n  o f  t e m p e r a t u r e ,  but  no 
change i n  t h e  c l i n i c a l  p i c t u r e  had  o c c u r r e d ,  and ,  i n  t h e  
r e m a i n i n g  i n s t a n c e ,  t h e r e  was a  c l i n i c a l  r e l a p s e .  I t  seems 
im p r o b a b le  t h a t  t h e  s l i g h t  changes i n  t h e  f l o r a  o f  t h e  n o se  
had  b e en  r e s p o n s i b l e  e i t h e r  f o r  t h e  e l e v a t i o n s  o f  t e m p e r a t u r e  
o r  f o r  t h e  c l i n i c a l  r e l a p s e .
( c )  I n  p a t i e n t  Wo.99 ,  an e l e v a t i o n  o f  t e m p e r a t u r e  was 
a s s o c i a t e d  w i t h  t h e  a c q u i s i t i o n  o f  a  t y p e  6 pnuemococcus  i n  
t h e  n o s e .  T h is  o rg a n i s m  p e r s i s t e d  i n  l a t e r  sw ab b in g s  and  had  
n o t  b e en  p r e s e n t  i n  t h e  two p r e v i o u s  sw a b b in g s .  T h i s  was t h e  
o n ly  i n s t a n c e  i n  t h e  whole i n v e s t i g a t i o n  where  t h e r e  was any 
c l i n i c a l  u p s e t  a s s o c i a t e d  w i t h  t h e  a c q u i s i t i o n  i n  t h e  n o se  o r  
t h r o a t ,  o f  a  t y p e  of  pneumococcus n o t  p r e v i o u s l y  i s o l a t e d  
f rom  t h e  p a t i e n t .  I n  p a t i e n t  h o . 104 a  pneumococcus  h a d  b e e n  
a c q u i r e d  when t h e  p a t i e n t  d e v e lo p e d  p h a r y n g i t i s .  T h i s
p a t i e n t  h a d  o n ly  been  swabbed on one o c c a s i o n  b e f o r e  t h i s  
i n c i d e n t  and t h a t  was two d a y s  p r e v i o u s l y .  I t  seems u n l i k e l y ,  
t h o u g h t  n o t  a b s o l u t e l y  i m p o s s i b l e ,  t h a t  t h e  a c q u i s i t i o n  o f  t h e  
pneumococcus  was r e s p o n s i b l e  f o r  t h e  p h a r y n g i t i s .
(d )  As would  be e x p e c t e d ,  t h e  o c c u r r e n c e  o f  s c a r l e t  f e v e r  
i n  p a t i e n t  No. 4-2 was a s s o c i a t e d  w i t h  t h e  a c q u i s i t i o n  o f  
S t r e p t o c o c c u s  p y o g e n es  i n  t h e  p a t i e n t ' s  t h r o a t .  P a t i e n t s  
No.9 and 55 were c o n t a c t s  and  e a c h  d e v e lo p e d  t o n s i l l i t i s .
They were  a l s o  fo u n d  t o  have a c q u i r e d  S t r e p t o c o c c u s  p y o g e n e s  
i n  t h e i r  t h r o a t s .  I t  seems p r o b a b l e  m o re o v e r  t h a t  two o t h e r  
c o n t a c t s ,  p a t i e n t s  N o .49 and 71 who, d e s p i t e  symptoms o f  
p h a r y n g i t i s  were n o t  fo u n d  t o  have  a c q u i r e d  any o r g a n i s m s  i n  
t h e i r  t h r o a t s ,  may i n  a c t u a l  f a c t  have  h ad  a  s m a l l  number o f  
s t r e p t o c o c c i ,  t h e  c o l o n i e s  o f  w h ic h  m ig h t  n o t  hav e  b e e n  
d i s c e r n a b l e  t o  t h e  n a k e d  e y e .  S u b s e q u e n t l y  p a t i e n t  N o .49 
was f o u n d  t o  have  a c q u i r e d  S t r e p t o c o c c u s  p y o g e n e s  i n  t h e  
t h r o a t  when he was swabbed n i n e  d ay s  l a t e r .  The r e m a i n i n g  
p a t i e n t  was p a t i e n t  N o .17 and t h e  m a n i f e s t a t i o n  t a k e n  a s  
s u g g e s t i n g  an a c q u i r e d  i n f e c t i o n  was t h e  d e v e lo p m e n t  o f  
a  f r e s h  a r e a  o f  c o n s o l i d a t i o n  i n  t h e  c o n t r a - l a t e r a l  l u n g  
t o  t h a t  i n v o l v e d  by t h e  o r i g i n a l  c o n s o l i d a t i o n .  There  
had  b e e n  no r e l a p s e  i n  t h e  c l i n i c a l  c o n d i t i o n  e x c e p t  an 
e l e v a t i o n  o f  t h e  t e m p e r a t u r e  on t h e  t h i r d  day i n  
h o s p i t a l .  S t r e p t o c o c c u s  p y o g e n e s ,  i n  c o n s i d e r a b l e  
num bers ,  had  be en  a c q u i r e d  i n  t h e  t h r o a t  when t h e  p a t i e n t  
was swabbed on t h e  e i g h t h  day ,  and  were s t i l l  p r e s e n t  i n  t h e
jj'igur e 4 .
The sv/abloing r e s u l t s  x02? "the p a t i e n t s  nicrniiesbing 
c l i n i c a l  e v id e n c e  o f  c r o s s  i n f e c t i o n .
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84.
■fch.roa t  when t h e  f r e s h  a r e a  o f  c o n s o l i d a t i o n  was d i s c o v e r e d  
on t h e  f o u r t e e n t h  day .
( e )  I n  two o f  t h e  f i v e  p a t i e n t s  who had  a c q u i r e d  
S t a p h y l o c o c c u s  a u r e u s  i n  m o d era te  o r  l a r g e  n u m bers ,  s e p t i c  
s k i n  l e s i o n s  had  a p p e a r e d .  I n  b o t h  i n s t a n c e s ,  t h e  s e p t i c  
l e s i o n s  and t h e  s t a p h y l o c o c c i  i n  t h e  nose  d i s a p p e a r e d  w i t h  
t r e a t m e n t  and. i t  seemed l i k e l y  t h a t  t h i s  o r g a n i s m  h a d  n o t  
o n ly  b een  a c q u i r e d  i n  t h e  s k i n  b u t  a l s o  i n  t h e  n o s e .
A t h i r d  p a t i e n t  had  an u n e x p l a i n e d  e l e v a t i o n  o f  
t e m p e r a t u r e  and a  f o u r t h ,  a  r e l a p s e  i n  t h e  c l i n i c a l  c o n d i t i o n .  
The f o r m e r  may have  b een  th e  r e s u l t  o f  t h e  a c q u i s i t i o n  o f  
c o a g u l a s e  p o s i t i v e ,  p e n i c i l l i n  r e s i s t a n t  s t a p h y l o c o c c i  and 
l i k e w i s e  t h e  l a t t e r ,  a l t h o u g h  s t a p h y l o c o c c i  had  b een  p r e s e n t  
a t  a  p r e v i o u s  sw abb ing .  These however ,  h ad  n o t  been  t e s t e d  
f o r  c o a g u l a s e  and p e n i c i l l i n  s e n s i t i v i t y .
The f i f t h  p a t i e n t ,  No.8,  d e s e r v e s  s p e c i a l  m e n t io n .
T h i s  p a t i e n t  was fo u n d  t o  have a  l a r g e  number o f  c o a g u l a s e  
p o s i t i v e ,  p e n i c i l l i n  r e s i s t a n t  s t a p h y l o c o c c i  i n  t h e  nose  when 
swabbed on h i s  e i g h t h  day i n  h o s p i t a l  a t  t h e  c o m p l e t i o n  o f  a  
c o u r s e  o f  t r e a t m e n t  by  i n t r a m u s c u l a r  p e n i c i l l i n .  T h i s  
o r g a n i s m  was s t i l l  p r e s e n t  i n  t h e  nose  when t h e  p a t i e n t ' s  
c l i n i c a l  c o n d i t i o n  became g rave  and i t  was a t  t h i s  t im e  
i s o l a t e d  f rom  t h e  l u n g  parenchyma by l u n g  p u n c t u r e ,  t h u s  
p r o v i n g  i t s  e t i o l o g i c a l  s i g n i f i c a n c e .
A l l  t h e  above f i n d i n g s  a r e  summarised i n  t a b u l a r  form 
i n  t h e  a p p e n d ix  and F i g u r e  4 summarises  t h e  b a c t e r i o l o g i c a l
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t i n d i n g s  f o r  t h e  p a t i e n t s  d i s c u s s e d  i n  t h i s  c h a p t e r .
( b )  D i s c u s s i o n .
An e x t e n s i v e  i n v e s t i g a t i o n  i n t o  t h e  i n c i d e n c e  o f  c r o s s  
i n f e c t i o n  i n  c h i l d r e n ' s  w a rd s  was c a r r i e d  o u t  hy W a tk in s  and 
L e w i s - F a n i n g  ( 1 9 4 9 ) .  They i n v e s t i g a t e d  9 ,6 1 8  p a t i e n t s  and 
f o u n d  t h a t  679 ( 7 . 1 $ )  had  some c l i n i c a l  e v id e n c e  o f  c r o s s  
i n f e c t i o n .  The d a n g e r  o f  c r o s s  i n f e c t i o n  was c o n s i d e r a b l e  
a l t h o u g h  t h e  p e r c e n t a g e  was lo w e r  t h a n  t h a t  fo u n d  i n  t h e  
p r e s e n t  i n v e s t i g a t i o n ,  ( 1 6 . 8 $ ) ,  which  however i n c l u d e d  
s u g g e s t i v e  e v id e n c e  a s  w e l l  a s  a c t u a l  e v id e n c e  o f  c r o s s  
i n f e c t i o n .  W a tk in s  and L e w is -F a n in g  a l s o  fo u n d  t h a t  92 o f  
t h e i r  p a t i e n t s  h a d  two i n c i d e n t s  and 20 had  t h r e e  o r  more 
i n c i d e n t s  o f  c r o s s  i n f e c t i o n  w h i l e  i n  h o s p i t a l .
M e l in  (1949)  s t u d i e d  n u r s e r y  c h i l d r e n  and  fo u n d  t h a t  
t h e y  o f t e n  h ad  p r o t r a c t e d  i n f e c t i o u s  l e s i o n s  w i t h  f r e q u e n t  
f r e s h  a t t a c k s  o f  i l l n e s s ,  o f t e n  due t o  o t h e r  t y p e s  o f  
i n f e c t i n g  b a c t e r i a .  M e l in  t o o k  n a s a l  and t h r o a t  swabs on any 
c l i n i c a l  e v id e n c e  o f  t h e  development  o f  an u p p e r  r e s p i r a t o r y  
i n f e c t i o n .  The pneumococcus ,  S t r e p t o c o c c u s  p y o g e n e s ,  and 
S t a p h y l o c o c c u s  a u r e u s  were e s p e c i a l l y  l o o k e d  f o r  and t h e  
a n t i b o d y  t i t r e s  f o r  t h e s e  o rg an ism s  d e te r m in e d .  He 
c o n s i d e r e d  t h a t  t h e  a c q u i s i t i o n  o f  S t a p h y lo c o c c u s  a u r e u s  had  
c o n s i d e r a b l e  e t i o l o g i c a l  s i g n i f i c a n c e  a s  f a r  a s  t h e  v e r y  
s m a l l  i n f a n t  was c o n c e r n e d ,  b u t  t h a t  t h e  a c q u i s i t i o n  o f  a  
pneum ococcus  was i m p o r t a n t  i n  any c h i l d  u n d e r  f o u r  y e a r s  o f
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a g e .  On t h e  o t h e r  h a n d ,  i n v e s t i g a t i o n s  done i n  a  
r e s i d e n t i a l  n u r s e r y  by  landsm an  (1949)  d i d  n o t  i n  p a r t i c u l a r  
a s s o c i a t e  t h e  pneumococcus w i t h  t h e  deve lopm en t  o f  u p p e r  
r e s p i r a t o r y  i n f e c t i o n .  S i m i l a r l y  i n  t h e  "Baby Families" 
i n v e s t i g a t i o n s  t h e r e  was no e v id e n c e  t h a t  t h e  o c c u r r e n c e  o f  
a f r e s h  r e s p i r a t o r y  i n f e c t i o n  was due t o  t h e  a c q u i s i t i o n  o f  
a new ty p e  o f  pneum ococcus .
The danger, e s p e c i a l l y  to  the  young i n f a n t ,  o f  th e  
a c q u i s i t i o n  o f  S ta p h y lo c o cc u s  aureus i s  r e c o g n is e d  by most  
w r i t e r s .  M elin  showed t h a t  i t  was most dangerous as  r eg a r d s  
th e  i n f a n t  under th r e e  months o f  age . The danger i s  
becom ing g r e a t e r  because  o f  th e  p rev a len ce  o f  p e n i c i l l i n  
r e s i s t a n t  s t r a i n s  (Barber and Rozwadowska-Dowzenko, 1 9 4 8 ) .  
P a t i e n t  N o .8 ,  in  th e  p r e se n t  i n v e s t i g a t i o n  was a c a se  in  
p o i n t .
The r o l e  o f  S tr e p to c o c c u s  pyogenes as the  cause  o f  
c r o s s  i n f e c t i o n  i n  wards fo r  the  trea tm en t o f  m e a s le s  i s  
w e l l  known. A l l i s o n  (1938)  found t h a t  19 per c e n t  o f  
p a t i e n t s  s u f f e r in g  from m e a s le s ,  develop ed  o t i t i s  media  
due t o  a c q u i s i t i o n  o f  S tr e p to c o c c u s  p y o g en es . In an open 
ward u sed  f o r  th e  tre a tm en t  o f  s c a r l e t  f e v e r ,  70 per c e n t  
o f  th e  p a t i e n t s  became i n f e c t e d  w ith  d i f f e r e n t  ty p e s  o f  
S tr e p to c o c c u s  pyogenes and t h e s e  c r o s s  i n f e c t i o n s  were 
r e s p o n s ib l e  f o r  many o f  the  second a t ta c k s  and l a t e  
c o m p l ic a t io n s ,  ( A l l i s o n  and Brown, 1 9 3 7 ) .  The w r i te r  was 
p rob ab ly  fo r tu n a te  t h a t  th e  in tr o d u c t io n  o f  a v i r u l e n t
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S t r e p t o c o c c u s  p y o g en es  i n t o  t h e  ward r e s u l t e d  i n  a s  l i t t l e  
i l l n e s s  a s  p ro v e d  t h e  c a s e .
I n  c o m p a r iso n  w i t h  t h e  f i n d i n g s  o f  t h e  above m e n t io n e d  
w r i t e r s ,  t h e  r e s u l t s  o f  c r o s s  i n f e c t i o n ,  fo u n d  by t h e  p r e s e n t  
w r i t e r ,  were n o t  v e r y  s e r i o u s .  G - a s t r o - e n t e r i t i s  and o t i t i s  
m e d ia  e a c h  o c c u r r e d  o n ly  t w i c e .  S e p t i c  l e s i o n s  o f  t h e  s k i n  
o r  mucous membrane o c c u r r e d  tw ic e  and t h e  i n t r o d u c t i o n  of  
S t r e p t o c o c c u s  p y o g e n e s  i n t o  t h e  ward was r e s p o n s i b l e  f o r  
t h e  d eve lopm en t  o f  s c a r l e t  f e v e r  i n  one p a t i e n t  and o f  
t o n s i l l i t i s  i n  a n o t h e r  two.
The o n ly  i n d i c a t i o n  o f  a c q u i r e d  r e s p i r a t o r y  i n f e c t i o n  
was t h e  o c c u r r e n c e  o f  f i v e  i n s t a n c e s  o f  r e l a p s e  i n  t h e  
o r i g i n a l  r e s p i r a t o r y  i n f e c t i o n  and t h e  deve lopm en t  i n  one 
i n s t a n c e  o f  f r e s h  c o n s o l i d a t i o n .  Even t h i s  i s  an o v e r ­
s t a t e m e n t  s i n c e  two o f  t h e s e  r e l a p s e s  were t h e  r e s u l t  o f  
u n s u i t a b l e  t r e a t m e n t .
The e t i o l o g y  o f  t h e  seven u n e x p l a i n e d  r e c u r r e n c e s  o f  
f e v e r  i s  u n c e r t a i n .  Only two were a s s o c i a t e d  w i t h  t h e  
a c q u i s i t i o n  o f  an o r g a n i s m ,  i n  one ,  a  pneumococcus,  i n  t h e  
o t h e r ,  S t a p h y l o c o c c u s  a u r e u s .
On t h e  whole t h e n ,  t h e  i n c i d e n c e  o f  c l i n i c a l  e v id e n c e  
s u g g e s t i n g  c r o s s  i n f e c t i o n  and e s p e c i a l l y  t h a t  s u g g e s t i n g  
r e s p i r a t o r y  c r o s s  i n f e c t i o n  was l i m i t e d .  B e ing  s o ,  t h e  
o v e r  a l l  p i c t u r e  was co m pl im e n ta ry  t o  t h e  n u r s i n g  s t a f f ,  
a l t h o u g h  d i s a p p o i n t i n g  from t h e  p o i n t  o f  v iew  o f  t h e  w r i t e r  
who w i s h e d  t o  i n v e s t i g a t e  t h e  c au se  o f  a ,cqu ired  r e s p i r a t o r y
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i n f e c t i o n .  M oreover  t h e  u se  o f  a n t i b i o t i c s  was p r o b a b l y  o f  
some p r e v e n t a t i v e  v a l u e .
8 9 .
( c ) Summary.
( 1 )  D u r in g  "the i n v e s t i g a t i o n  22 p a t i e n t s  m a n i f e s t e d  s i g n s  
s u g g e s t i n g  an a c q u i r e d  i n f e c t i o n ,  t h r e e  had  two such  
e p i s o d e s .  I n c l u d e d  a s  a  s i g n  of  p r o b a b l e  a c q u i r e d  
i n f e c t i o n  was t h e  o c c u r r e n c e  o f  an u n e x p la in e d  r i s e  i n  
t e m p e r a t u r e  o f  w h ich  t h e r e  were  seven  i n s t a n c e s .  There  
were  o n ly  f o u r  i n s t a n c e s  o f  a  p r o b a b le  a c q u i r e d  
r e s p i r a t o r y  i n f e c t i o n .
( 2 )  I n  t h e  m a j o r i t y  o f  i n s t a n c e s  t h e r e  was no change i n  t h e  
f l o r a  o f  th e  nose  and t h r o a t .  On one o c c a s i o n  o n ly  was 
a n  e l e v a t i o n  o f  t e m p e r a t u r e  a s s o c i a t e d  w i th  t h e  
a c q u i s i t i o n  of  a  pneumococcus and on no o c c a s i o n  was a  
r e l a p s e  i n  t h e  r e s p i r a t o r y  i n f e c t i o n  due t o  a  s i m i l a r  
a c q u i s i t i o n .
(3 )  S c a r l e t  f e v e r  o c c u r r e d  once and on s e v e r a l  o c c a s i o n s  a 
t h r o a t  i n f e c t i o n  de v e lo p ed  when S t r e p t o c o c c u s  pyogenes  
was a c q u i r e d .
(4 )  The a c q u i s i t i o n  o f  S t a p h y lo c o c c u s  a u r e u s  was a s s o c i a t e d
w i t h  t h e  o c c u r r e n c e  of  s e p t i c  l e s i o n s  i n  two p a t i e n t s ,
an e l e v a t i o n  of  t e m p e r a t u r e  i n  one p a t i e n t  and a  r e l a p s e  
i n  t h e  c l i n i c a l  c o n d i t i o n  i n  two o t h e r s .  I n  one o f  t h e  
l a t t e r  t h e  r e l a p s e  was s e v e r e  and th e  o rg an ism  was 
i s o l a t e d  f rom  t h e  l u n g  parenchyma.
(5)  G a s t r o “e n t e r i t i s , o t i t i s  media  and a  non s t r e p t o c o c c a l
t h r o a t  i n f e c t i o n  a c c o u n te d  f o r  o n ly  f i v e  o f  the  i n s t a n c e s
s u g g e s t i n g  a c q u i r e d  i n f e c t i o n .
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C h a p ter  2 .
B a c t e r i o l o g i c a l  e v id e n c e  of  C ro s s  I n f e c t i o n .
In  t h i s  c h a p t e r  t h e  w r i t e r  c o n s i d e r s  such  e v id e n c e  a s  
was fo u n d  of  b a c t e r i o l o g i c a l  c r o s s  i n f e c t i o n  e i t h e r  be tw een  
one p a t i e n t  and a n o t h e r  or  be tw een  a member of  s t a f f  and a  
p a t i e n t .  I t  h a s  b e e n  shown i n  p r e v i o u s  c h a p t e r s  t h a t  
f r e q u e n t l y ,  o r g a n i s m s  were a c q u i r e d  by p a t i e n t s  o r  s t a f f  
and u s u a l l y  w i t h o u t  any  c l i n i c a l  u p s e t .  In  t h e  f o l l o w i n g  
p a g e s  t h e  r e s u l t s  of  t r a c i n g  t h e  so u rc e  of  t h e s e  o rg an ism s  
a r e  s t u d i e d .
*  *  *
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a )  The Pneumococcus .
The e a se  w i t h  which  t h e  pneumococcus c o u ld  he 
a c c u r a t e l y  t y p e d  r e n d e r e d  t h i s  o rg an ism  v e r y  s u i t a b l e  f o r  
an y  i n v e s t i g a t i o n  i n t o  i t s  e p id e m io lo g y .  I t  was fo u n d  t h a t  
d u r i n g  t h e  e n t i r e  p e r i o d  of  t h e  i n v e s t i g a t i o n ,  62 t y p e s  o f  
p neum ococc i  were  a c q u i r e d  by  48 p a t i e n t s .  Of t h e s e ,  34 
a c q u i r e d  one t y p e  w h e rea s  t h e  r e m a in i n g  14 a c q u i r e d  two 
t y p e s  o f  pneumococci  d u r i n g  t h e i r  s t a y  i n  h o s p i t a l .  More 
t h a n  h a l f  o f  t h e s e  p a t i e n t s  had a l r e a d y  c a r r i e d  a  
p neum ococcus ,  o f  a  d i f f e r e n t  t y p e ,  on a d m is s io n  t o  h o s p i t a l .
H aving  fou n d  t h a t  t h e r e  were 62 i n s t a n c e s  o f  a  
pneumococcus  b e i n g  a c q u i r e d v f o i l e  i n  h o s p i t a l ,  t h e  q u e s t i o n  
t h e n  a r o s e  a s  t o  t h e  s o u r c e s  o f  th e  a c q u i r e d  pneum ococc i .
I f  i n d e e d  one p a t i e n t  d id  i n f e c t  a n o t h e r ,  t h e  w r i t e r  w ish ed  
t o  d e t e r m i n e  i f  t h e  p a t i e n t s  needed  to  be i n  a d j a c e n t  c o t s  
f o r  t h i s  t o  o c c u r ,  o r  i f ,  i n  f a c t ,  one p a t i e n t  c o u ld  i n f e c t  
a n o t h e r  a t  some g r e a t e r  d i s t a n c e .  To f a c i l i t a t e  a n sw e r in g  
t h e s e  q u e s t i o n s  d iag ram s  were drawn showing t h e  p o s i t i o n s  
i n  t h e  ward  of  p a t i e n t s  c a r r y i n g  each  s p e c i f i c  t y p e .  These,  
and a  summary o f  t h e  f i n d i n g s  i n  each  i n s t a n c e  o f  t h e  
a c q u i s i t i o n  o f  a  pneumococcus,  a r e  shown i n  t h e  a p p e n d ix .
The d i a g r a m s  and summary a l s o  t a k e  i n t o  a c c o u n t  t h o s e  
members o f  s t a f f  c a r r y i n g  t h e  ty p e  i n  q u e s t i o n .  The 
p o s s i b i l i t y  t h a t  a  member o f  s t a f f  m igh t  i n f e c t  a  p a t i e n t
was i n  t h i s  way d e t e r m i n e d .
D e s p i t e  c a r e f u l  s e a r c h  i t  was found  t h a t  i n  24 o f  
t h e  62 i n s t a n c e s  no o t h e r  p a t i e n t  o r  member o f  s t a f f  
c a r r i e d  t h e  homologous t y p e  o f  pneumococcus a c q u i r e d  by  
t h e  p a t i e n t .  Thus,  i n  3 8 .7  p e r  c e n t ,  t h e  w r i t e r fs 
m e tho d s  f a i l e d  t o  t r a c e  t h e  s o u r c e  of t h e  a c q u i r e d  
pneum ococcus .  I n  6 1 .3  p e r  c e n t ,  however ,  t h e r e  e x i s t e d  
a  p o s s i b l e  s o u r c e ,  o r  p o s s i b l e  s o u r c e s ,  amongst  t h e  o t h e r  
p a t i e n t s  a n d / o r  t h e  members o f  s t a f f .
I n  14 i n s t a n c e s  t h e r e  was e v id e n c e  t h a t  t h e  so u r c e  
o f  t h e  a c q u i r e d  pneumococcus was th e  p a t i e n t  i n  the  
a d j a c e n t  c o t .  I n  some, t h e  e v id e n c e  was more c o n c l u s i v e  
t h a n  i n  o t h e r s ,  where  t h e  p e r i o d  o f  c o n t a c t  be tw een  t h e  
two p a t i e n t s  was s h o r t e r .  I n  y e t  a n o t h e r  12 i n s t a n c e s ,  
t h e  t y p e  o f  pneumococcus a c q u i r e d  was, or  had r e c e n t l y  
b e e n ,  c a r r i e d  by a n o t h e r  p a t i e n t  n o t  i n  t h e  a d j a c e n t  c o t ,  
b u t  i n  t h e  same d i v i s i o n  o f  t h e  ward .  I t  i s  s u g g e s t e d  
t h a t  i n f e c t i o n  o c c u r r e d  be tw een  th e  p a t i e n t s  i n  a 
d i v i s i o n  of t h e  ward and t h i s  p o s t u l a t e d  some v e h i c l e  
f o r  i n f e c t i o n ,  e i t h e r  t h e  ward a i r ,  t h e  ward d u s t  o r  t h e  
c l o t h i n g  o r  h a n d s  of  t h e  n u r s i n g  o r  m e d ic a l  s t a f f .
The ty p e  o f  pneumococcus a c q u i r e d  by a p a t i e n t  i n  a  
f u r t h e r  10 i n s t a n c e s ,  was c a r r i e d  by a  p a t i e n t  i n  a n o t h e r  
d i v i s i o n  of  t h e  ward.  A l though  i t  may seem u n l i k e l y  t h a t
i n f e c t i o n  c o u ld  o c c u r  b e tw ee n  p a t i e n t s  so f a r  d i s t a n t  
a s  t h i s  f rom  e ach  o t h e r ,  i n  5 o f  t h e  10 i n s t a n c e s ,  t h e  
t y p e  i n v o lv e d  was one of  t h e  more u n u su a l  t y p e s  and 
c a r r i e d  by so few o t h e r  p a t i e n t s  t h r o u g h o u t  th e  
i n v e s t i g a t i o n ,  t h a t  i t  made th e  p o s s i b i l i t y  o f  t r a n s f e r r e d  
i n f e c t i o n  more r e a l .  M oreoever  i n  none of  t h e s e  10 
i n s t a n c e s  was t h e r e  any  p o s s i b i l i t y  o f  a  member of  
s t a f f  b e i n g  t h e  s o u r c e  of i n f e c t i o n .
In  th e  r e m a i n i n g  26 i n s t a n c e s ,  no o t h e r  p a t i e n t ,  
a t  or  n e a r  th e  t im e  when a  pneumococcus was a c q u i r e d ,  
c a r r i e d  t h e  ty p e  i n  q u e s t i o n .
Much l e s s  f r e q u e n t l y  i n v o lv e d  as  p r o b a b le  s o u r c e s  
o f  t h e  a c q u i r e d  pneumococcus,  were th e  members of s t a f f .
I n  o n l y  10 of  t h e  62 i n s t a n c e s  was t h e r e  a  c a r r i e r ,  
am on g s t  t h e  members of s t a f f ,  o f  th e  type  o f  pneumo co ccus  
a c q u i r e d  by t h e  p a t i e n t .  I n  a n o t h e r  f i v e  i n s t a n c e s  a  
member o f  s t a f f  had c a r r i e d  t h i s  ty p e  a t  one t im e  w h i l e  
i n  t h e  ward b u t  n o t  a c t u a l l y  a t  t h e  t im e  o f  a c q u i s i t i o n .
I n  a l l  t h e  o t h e r  47 i n s t a n c e s  t h e r e  was no p o s s i b l e  
s o u r c e  o f  t h e  a c q u i r e d  ty p e  amonst  t h e  members of  s t a f f .
The p o s i t i o n  was f u r t h e r  c o m p l i c a t e d  by t h e  f a c t  
t h a t  i n  11 o f  t h e  15 i n s t a n c e s  where t h e r e  was some 
i n d i c a t i o n  t h a t  a  member of s t a f f  might  h ave  i n f e c t e d  a 
p a t i e n t ,  t h e r e  was a l s o  e v id e n c e  t h a t  t h e  p a t i e n t  m igh t
h av e  b e en  i n f e c t e d  by a n o t h e r  p a t i e n t  i n  the  ward a t  
t h a t  t i m e .  When t h e  t y p e s  o f  pneumococci  i n v o l v e d  
were t a k e n  i n t o  a c c o u n t ,  i t  was found t h a t  t y p e s  6 and 
23 were  th e  t y p e s  a c q u i r e d  when e i t h e r  a  p a t i e n t  o r  a  
member o f  s t a f f  c o u ld  be t h e  p o s s i b l e  i n f e c t i n g  so u rc e .
These  t y p e s  were  a t  a l l  t im e s  f r e q u e n t l y  c a r r i e d  by  
b o t h  p a t i e n t s  and members o f  s t a f f ,  and t h e r e f o r e ,  on 
an y  one o c c a s i o n  when a p a t i e n t  a c q u i r e d  e i t h e r  of  them , 
t h e r e  were s e v e r a l  c a r r i e r s  of t h e s e  t y p e s  i n  th e  ward .
T h ere  t h u s  f r e q u e n t l y  e x i s t e d  s e v e r a l  p o s s i b l e  s o u r c e s  
o f  i n f e c t i o n .  I n  t h e  r e m a i n i n g  f o u r  i n s t a n c e s  such 
e v i d e n c e  a s  e x i s t e d  t o  p o i n t  to  t h e  s o u r c e  of i n f e c t i o n  
i n v o l v e d  members o f  s t a f f  o n ly .  However, i n  o n ly  one 
i n s t a n c e  c o u ld  i t  be s a i d  w i t h  any d eg re e  o f  c e r t a i n t y  
t h a t  a  member of s t a f f  was t h e  so u rc e  o f  th e  a c q u i r e d  
pneum ococcus .
One may c o n c lu d e  from th e  f o r e g o i n g  t h a t  i t  was 
s e ld o m  p o s s i b l e  to  t r a c e  an a c q u i r e d  pneumococcus to  a 
s o u r c e  amongst  th e  members o f  s t a f f .
T ab le  3 l  sum m arises  t h e  t y p e s  o f  pneumococci  a c q u i r e d  
by  t h e  p a t i e n t s  and th e  f r e q u e n c y  w i t h  w hich  e a c h  type  was 
a c q u i r e d .  Types 6 and 23 were the most f r e q u e n t l y  a c q u i r e d .  
T h is  was not  u n e x p e c te d  c o n s i d e r i n g  th e  o v e r - a l l  f r e q u e n c y  
o f  o c c u r r e n c e  of t h e s e  t y p e s .  S e v e r a l  p o s s i b l e  s o u r c e s  of 
i n f e c t i o n  u s u a l l y  e x i s t e d .  O ther  t y p e s  were l e s s  f r e q u e n t l y
TABLE 3 1 1
Showing t h e  f r e q u e n c y  w i t h  which  
e ac h  t y p e  was a c q u i r e d .
( a )  P a t i e n t s .
Number of  t i m e s  e a c h
t y p e  was a c q u i r e d . _______________ TYPES.
1 1 : 2 : 9 : 1 1 : 1 6 : 1 8 : 2 4 : 4 2 : ( U . T . T . )
2 17
3 1 5 :2 1 .





( b )  S t a f f .
Number o f  t i m e s  each  
t y p e  was a c q u i r e d . TYPES.
1 2 : 3 : 1 0 : 1 1 : 1 8 : 2 1 : 2 9 : 3 7 .
2 1 4 : 1 5 : 2 2 : 2 3 : 3 5 .
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TOTAL:22
a c q u i r e d  and u s u a l l y  w i t h  t h e s e  t y p e s ,  th e  so u r c e  o f  
i n f e c t i o n  c o u ld  "be p o s t u l a t e d  w i t h  some d e g re e  of c e r t a i n t y .  
The a d u l t  p a t h o g e n s ,  t y p e s  1 and 2, were se ldom a c q u i r e d ,  
b u t  t y p e  4, which  i s  a l s o  a pathogen o f  a d u l t  pneumonia ,  was 
a c q u i r e d  s i x  t i m e s .  A f t e r  one p a t i e n t  i n  Week 7 a c q u i r e d  
t h i s  t y p e ,  a  f u r t h e r  f o u r  p a t i e n t s  a c q u i r e d  i t  i n  t h e  
f o l l o w i n g  w eeks ,  I t  would a p p e a r  t h a t  t h i s  t y p e ,  w h ich  i s  
n o t  a  common commensal  o r  a  common p a th o g e n  i n  th e  young 
c h i l d ,  e a s i l y  p a s s e d  f rom  p a t i e n t  t o  p a t i e n t  when once 
i n t r o d u c e d  i n t o  t h e  w a rd .  On th e  one o c c a s i o n  when ty p e  I  
was a c q u i r e d ,  no o t h e r  p a t i e n t  o r  member of  s t a f f  c a r r i e d  
t h i s  t y p e ,  and t h u s  t h e  so u r c e  o f  th e  o rg an ism  c o u ld  n o t  
be s u g g e s t e d .
Members of s t a f f  t h e m s e l v e s ,  a c q u i r e d  pneumococci  on 
22 o c c a s i o n s .  These i n s t a n c e s  were d e a l t  w i t h  i n  s i m i l a r  
f a s h i o n  t o  t h o s e  o c c u r r i n g  amongst  t h e  p a t i e n t s ,  and an 
a t t e m p t  was made t o  d e te r m in e  from which  i n d i v i d u a l  t h e  
pneumococcus had  been  a c q u i r e d .  In  o n ly  f i v e  was t h e r e  a 
p o s s i b i l i t y  t h a t  th e  pneumococcus was a c q u i r e d  f rom  a n o t h e r  
member o f  t h e  s t a f f ,  b u t  i n  f o u r  o f  t h e s e  t h e r e  was a l s o  a 
p a t i e n t  i n  t h e  ward who c a r r i e d  t h e  homologous ty p e  a t  th e  
t i m e  of a c q u i s i t i o n  and co u ld  t h u s  a l s o  be th e  s o u rc e  o f  
i n f e c t i o n .  There  were  i n  a l l  n i n e  i n s t a n c e s  where a  p a t i e n t  
p r o v i d e d  a  p r o b a b l e  s o u r c e ,  t h e  p a t i e n t  c a r r y i n g  t h e  
a c q u i r e d  t y p e  a t  t h e  t im e  of i t s  a c q u i s i t i o n  by a member o f  
s t a f f .  I n  a  f u r t h e r  two i n s t a n c e s  a  p a t i e n t  c a r r i e d  t h e
TABLE 32.
To compare t h e  f i n d i n g s  f o r  p a t i e n t s  w i t h  t h o s e  
f o r  t h e  s t a f f  when a pneumococcus was a c q u i r e d .
i
No.'
S t a f f P a t i e n t s
No.
S o u rc e  t r a c e a b l e  t o  a  p a t i e n t . 12 5 4 .6 36 5 8 .1
S o u rc e  t r a c e a b l e  t o  a member 
o f  s t a f f .
5 2 2 .7 15 2 4 .2
S ource  t r a c e a b l e  t o  a  p a t i e n t  
o n l y .
8 36 .4 25 3 7 .1
S o u rc e  t r a c e a b l e  to  a member 
o f  s t a f f  o n l y .
1 4 .5 4 6 .4
S o u rc e  t r a c e a b l e  t o  a  p a t i e n t  
and  a  member o f  s t a f f .
4 1 8 .2 11 1 7 .7
So urce  n o t  t r a c e a b l e  e i t h e r  
t o  a  p a t i e n t  o r  a  member o f  
s t a f f .
9 4 0 .9 22 3 8 .7 .
TOTAL: 22 1 0 0 .0  62 9 9 .9
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a c q u i r e d  t y p e  i n  th e  p r e v i o u s  week b u t  n o t  a t  th e  a c t u a l  t im e  
of* a c q u i s i t i o n  by th e  member o f  s t a f f .  I n  one o t h e r  i n s t a n c e  
b o t h  a  p a t i e n t  and a  member of s t a f f  were fo u n d  to  have  
a c q u i r e d  pneumococci  of  th e  same type  i n  t h e  same week.
E i t h e r  may have  i n f e c t e d  t h e  o t h e r .  The so u r c e  o f  t h e  
a c q u i r e d  ty p e  c o u ld  n o t  be t r a c e d  t o  e i t h e r  a  p a t i e n t  o r  a  
member o f  s t a f f  i n  n in e  i n s t a n c e s .  The above f i n d i n g s  can 
be sum m arised  and compared w i t h  t h o s e  f o r  t h e  a c q u i s i t i o n  
o f  pneumococci  by p a t i e n t s .  (T ab le  32 ) .  The f i g u r e s  a r e  
a l m o s t  i d e n t i c a l  a l t h o u g h  t h e  t o t a l s  (22 and 62) a r e  so 
d i s s i m i l a r .
One may say  i n  c o n c l u s i o n  t h a t  when e i t h e r  a  p a t i e n t  
o r  a  member o f  s t a f f  a c q u i r e d  a pneumococcus,  i n  j u s t  o v e r  
h a l f  t h e  i n s t a n c e s  one c o u ld  f i n d  t h e  p o s s i b l e  so u rc e  of  
t h e  a c q u i r e d  pneumococcus amongst th e  p a t i e n t s  and i n  j u s t  
u n d e r  a  q u a r t e r ,  amongst  the  s t a f f .  One c o u ld  d e te rm in e  
t h e  p o s s i b l e  s o u r c e  of i n f e c t i o n  w i th  some e ase  when th e  
t y p e  a c q u i r e d  was one of the  l e s s  f r e q u e n t l y  o c c u r r i n g .  On 
t h e  o t h e r  h and ,  the  s o u r c e  was d i f f i c u l t  t o  d e te rm in e  when 
t y p e  6 or  t y p e  23 was a c q u i r e d  s i n c e  s e v e r a l  p o s s i b l e  
s o u r c e s  u s u a l l y  e x i s t e d  amongst  b o t h  p a t i e n t s  and s t a f f .
No d e f i n i t e  s t a t e m e n t s  c an  be made r e g a r d i n g  t h e  
f i n d i n g s  f o r  th e  a c q u i s i t i o n  of pneumococci  by members o f  
s t a f f  b e c a u s e  of  t h e  l a r g e  number of t h e i r  c o n t a c t s  o u t w i t h  
t h e  h o s p i t a l  who p r o v i d e d  p o s s i b l e  s o u r c e s  f o r  a c q u i r e d  
p n e u m o c o cc i .
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b ) S t r e p t o c o c c u s  pyogenes .
The q u e s t i o n  o f  t r a n s f e r e n c e  o f  s t r e p t o c o c c i  f ro m  
p a t i e n t  t o  p a t i e n t  and from  member o f  s t a f f  to  p a t i e n t ,  
c an  be d e a l t  w i th  i n  a s i m i l a r  manner to  t h a t  u se d  f o r  
p n e u m o co cc i .  A summary o f  t h e  f i n d i n g s  and th e  
e x p l a n a t o r y  d iag ra m s  a r e  shown i n  the  a p p e n d ix .
There  were 32 i n s t a n c e s  o f  a c q u i s i t i o n  o f  
S t r e p t o c o c c u s  pyogenes  by p a t i e n t s .  T w e n ty - f iv e  p a t i e n t s  
a c q u i r e d  S t r e p t o c o c c u s  pyogenes  a f t e r  a d m is s io n  t o  t h e  
w a rd ,  a  f u r t h e r  t h r e e  p a t i e n t s  a p p ea re d  to  have a c q u i r e d  
t h e  o r g a n i s m ,  b u t  one had  c a r r i e d  S t r e p t o c o c c u s  pyogenes  
f i v e  weeks b e f o r e h a n d  and t h e  o t h e r  two had c a r r i e d  i t  
s e v e n  w eeks  b e f o r e h a n d .  F i n a l l y ,  f rom  f o u r  p a t i e n t s  a  
heav y  g ro w th  of s t r e p t o c o c c i  was i s o l a t e d ,  w h e reas  i n  t h e  
week p r e v i o u s ,  on ly  a few c o l o n i e s  had been  i s o l a t e d .
Of t h e  32 i n s t a n c e s ,  i t  was found t h a t  i n  s i x ,  
i n f e c t i o n  c o u ld  have  a r i s e n  f rom  th e  p a t i e n t  i n  t h e  
a d j a c e n t  c o t ,  i n  14 f rom  a  p a t i e n t  i n  the  same d i v i s i o n ,  
and  i n  f o u r ,  f rom a  p a t i e n t  i n  a n o t h e r  d i v i s i o n .  I n  t h e  
r e m a i n i n g  e i g h t ,  t h e  p o s s i b i l i t y  t h a t  a  p a t i e n t  was t h e  
s o u r c e  of  t h e  a c q u i r e d  o rg an ism  c o u ld  be e x c lu d e d .
I n  t h r e e  i n s t a n c e s ,  a  member o f  s t a f f  was th e  l i k e l y  
s o u r c e  and i n  a n o t h e r  21 i n s t a n c e s  members of s t a f f  c o u ld  
n o t  be e x c l u d e d  b ecau se  c a r r i e r s  o f  s t r e p t o c o c c i  were 
p r e s e n t  amongst  them a t  the  t im e o f  a c q u i s i t i o n  o± th e  
o r g a n i s m  by a p a t i e n t .  The r e m a in in g  e i g h t  i n s t a n c e s
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o c c u r r e d  i n  weeks 12, 26 and 27, when t h e  members o f  s t a f f  
were  n o t  sw abbed .
Combining the  above f i n d i n g s  one f i n d s  t h a t ,  i n  t h e  
e i g h t  i n s t a n c e s  where t h e  members of  s t a f f  were n o t  swabbed, 
a  p a t i e n t  p r o v id e d  a l i k e l y  so u rc e  o f  the  a c q u i r e d  o rg a n i s m  
and i n  t h e  e i g h t  where  t h e r e  was no p o s s i b i l i t y  o f  a  p a t i e n t  
c o n s t i t u t i n g  t h e  i n f e c t i n g  s o u r c e ,  p o s s i b l e  s o u r c e s  e x i s t e d  
am ongs t  t h e  members o f  s t a f f .  In  a l l  o t h e r  i n s t a n c e s ,  
a l t h o u g h  i n  a l l  p r o b a b i l i t y  a  p a t i e n t  was th e  i n f e c t i n g  
s o u r c e ,  t h e  members o f  s t a f f  c o u ld  n o t  be c o m p l e t e l y  
e x c l u d e d  f ro m  b e in g  p o s s i b l e  s o u r c e s  of  t h e  a c q u i r e d  
s t r e p t o c o c c i .
Comparing  th e  above f i n d i n g s  w i t h  t h o s e  f o r  t h e  
pneumococcus one n o t e s  t h a t  ( a )  a  member of  s t a f f  formed 
t h e  p r o b a b l e  i n f e c t i n g  so u r c e  more f r e q u e n t l y ;  (b )  i n  no 
i n s t a n c e  was i t  i m p o s s i b l e  to  f i n d  a  p r o b a b le  s o u rc e  a s  
o c c u r r e d  i n  3 8 .7  p e r  c e n t  o f  the  i n s t a n c e s  when a  pneumo­
c o c c u s  was a c q u i r e d ;  ( c )  i n  th e  c a se  of a c q u i s i t i o n  o f  the  
s t r e p t o c o c c u s ,  n o t  o n ly  was t h e  p e r c e n t a g e  where th e  s o u rc e  
was t r a c e a b l e  to  a  p a t i e n t  h i g h e r ,  b u t  th e  p a t i e n t  c o u ld  
more c e r t a i n l y  be c o n s i d e r e d  a s  t h e  i n f e c t i n g  so u r c e  s i n c e  
i n  t h e  m a j o r i t y ,  i n f e c t i o n  c o u ld  be t r a c e d  t o  a  p a t i e n t  i n  
t h e  a d j a c e n t  c o t  o r  a t  l e a s t  i n  t h e  same d i v i s i o n .
T h ere  were  on ly  f i v e  i n s t a n c e s  o f  S t r e p t o c o c c u s  
p y o g e n es  b e i n g  a c q u i r e d  b e f o r e  week 10.  T h e r e a f t e r  t h e r e  
were 16 i n s t a n c e s  be tw een  week 10 and week 14. U n t i l  t h e
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end o f  t h e  i n v e s t i g a t i o n  i n  week 27, t h e r e  were o n ly  
a n o t h e r  11 i n s t a n c e s .  The o c c u r r e n c e  of  t h i s  p e r i o d  o f  
i n c r e a s e d  r a t e  of a c q u i s i t i o n  m e r i t s  f u r t h e r  comment and 
th e  d e t a i l s  w i l l  now be c o n s i d e r e d .
I n  week 10  p a t i e n t  N o .42 deve lop ed  s c a r l e t  f e v e r  and 
i n  week 11 f o u r  p a t i e n t s  a c q u i r e d  S t r e p t o c o c c u s  p y o g e n es .
One o f  t h e s e  p a t i e n t s  was i n  t h e  a d j a c e n t  c o t  t o  p a t i e n t  
N o . 42 ,  t h e  o t h e r  t h r e e  i n  o t h e r  d i v i s i o n s .  Also i n  t h i s  
week, s i x  members o f  s t a f f  c a r r i e d  S t r e p t o c o c c u s  p yo g en es ,  
f o u r  o f  them f o r  t h e  f i r s t  t im e .  These p a t i e n t s  and 
members o f  s t a f f  a c q u i r e d  th e  s t r e p t o c o c c i  a lm o s t  
s i m u l t a n e o u s l y  and t h i s  s u g g e s t e d  a common so u r c e  o f  
i n f e c t i o n .  P a t i e n t  N o .42 was i n  a l l  p r o b a b i l i t y  t h a t  
common so u r c e  o f  i n f e c t i o n  and the  f l o o r  d u s t  t h e  p r o b a b le  
v e h i c l e  o f  i n f e c t i o n  s i n c e  i t  c o n t a i n e d  t h e  o rg an ism  a t  
t h i s  t im e  and s i n c e  t h e  o rg an ism  was a c q u i r e d  by p a t i e n t s  
i n  more t h a n  one d i v i s i o n  a t  one t im e .  I t  was r a t h e r  more 
d i f f i c u l t  t o  f i n d  t h e  s o u rc e  of  th e  S t r e p t o c o c c u s  pyogenes  
w h ich  p a t i e n t  N o .42 a c q u i r e d  and which r e s u l t e d  i n  th e  
d e v e lo p m e n t  o f  s c a r l e t  f e v e r .  There  was a  p o s s i b i l i t y  t h a t  
t h e  i n f e c t i o n  o r i g i n a t e d  f rom  s t a f f  N o .13- T h is  n u r s e  was 
found  t o  have  a c q u i r e d  many s t r e p t o c o c c i  i n  h e r  t h r o a t  
when she c o m p la in ed  o f  a  p a i n f u l  t h r o a t  i n  week 3» d o e s ,
h o w e v e r ,  seem u n l i k e l y  t h a t  a  p a t i e n t  would a c q u i r e  a 
v i r u l e n t ,  s t r e p t o c o c c u s  from t h i s  n u r s e  s e v en  weeks l a t e r ,  
by  w h ich  t im e  th e  n u r s e  was much l e s s  h e a v i l y  i n f e c t e d .
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I t  was more l i k e l y  t h a t  p a t i e n t  N o .42 was i n f e c t e d  
t h r o u g h  th e  medium o f  t h e  f lo o r  d u s t  which c o n t a i n e d  
S t r e p t o c o c c u s  pyogenes  i n  week 9 and a g a i n  i n  week 10 
b e f o r e  t h e  p a t i e n t  d e v e lo p e d  s c a r l e t  f e v e r .  One was now 
f a c e d  w i t h  t h e  t a s k  of f i n d i n g  out  how th e  d u s t  became 
i n f e c t e d  i n  t h e  f i r s t  p l a c e .  F i r s t l y ,  t h e  d u s t  m ig h t  have 
b e e n  i n f e c t e d  by p a t i e n t  N o .41 who c a r r i e d  many s t r e p t o c o c c i  
i n  week 8, p r i o r  t o  d i s m i s s a l ,  b u t  had  a l s o  c a r r i e d  
s t r e p t o c o c c i  i n  s m a l l  number i n  week 7. A no th e r  and more 
l i k e l y  e x p l a n a t i o n  was t h a t  th e  s o u rc e  was th e  C h r i s tm a s  
d e c o r a t i o n s  w hich  had been  hung i n  t h e  ward i n  week 9.
T hese  d e c o r a t i o n s  had  once b een  i n  a s c a r l e t  f e v e r  ward 
b u t  w ere  r e p o r t e d  t o  have been  f u m ig a te d .  I t  i s  p o s s i b l e  
t h a t  a  few s t r e p t o c o c c i  rem a ined  i n  t h e  d u s t  o f  t h e s e  
d e c o r a t i o n s  and t h e n  i n f e c t e d  t h e  f l o o r  d u s t ,  and t h u s  t h e  
p a t i e n t ,  s i n c e  i t  i s  w e l l  known t h a t  s t r e p t o c o c c i  can  
p e r s i s t  i n  d r y  d u s t  f o r  many months .  (M ed ica l  R e s e a r c h  
C o u n c i l , 1951,  White  1 9 3 8 ) .  L a s t l y ,  th e  o rg an ism  may s im p ly  
h ave  b e en  b r o u g h t  i n t o  t h e  ward on t h e  c l o t h e s  o r  sh o e s  o f  
a  member of  s t a f f .
On t h e  f i v e  o c c a s i o n s  b e f o r e  week 10 when a p a t i e n t  
a c q u i r e d  S t r e p t o c o c c u s  pyogenes ,  a  member of  s t a f f  was t h e  
p r o b a b l e  s o u r c e  o f  i n f e c t i o n .  A f t e r  t h e  deve lopm ent  of 
s c a r l e t  f e v e r  i n  p a t i e n t  N o .42 i n  week 10, f o u r  p a t i e n t s  i n  
week 11 ,  s i x  p a t i e n t s  i n  week 12, two i n  week 13 and t h r e e  
i n  week 14 a c q u i r e d  S t r e p t o c o c c u s  pyogenes .  In  a l l  b u t  one,
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i n f e c t i o n  c o u ld  be t r a c e d  t o  a  p a t i e n t  i n  t h e  same d i v i s i o n  
o f  t h e  ward. The e x c e p t i o n  c o u ld  p o s s i b l y  be t r a c e d  t o  a 
p a t i e n t  i n  th e  a d j a c e n t  d i v i s i o n .  A l l  b u t  one were 
a s s o c i a t e d  w i t h  t h e  p r e s e n c e  o f  s t r e p t o c o c c i  i n  t h e  d u s t  
o f  t h e  d i v i s i o n  i n  which  th e  p a t i e n t  was. The s i m u l t a n e o u s  
p r e s e n c e  o f  c a r r i e r s  o f  S t r e p t o c o c c u s  pyogenes  amongst  th e  
members of s t a f f  p r e v e n t e d  t h o s e  members f rom  b e i n g  
e x c l u d e d  a s  p o s s i b l e  s o u r c e s  o f  i n f e c t i o n .
I n  e a c h  o f  t h e  11 i n s t a n c e s  o c c u r r i n g  a f t e r  week 14,  a  
p a t i e n t  i n  t h e  a d j a c e n t  c o t  o r  a t  l e a s t  i n  t h e  same d i v i s i o n ,  
was c o n s i d e r e d  t h e  p o s s i b l e  so u rc e  a l t h o u g h  a g a i n ,  members o f  
s t a f f  c o u ld  n o t  be e x c lu d e d .  Only one i n s t a n c e ,  i n  week 14 ,  
was a s s o c i a t e d  w i t h  t h e  p r e s e n c e  o f  t h e  o rgan ism  i n  t h e  d u s t  
o f  t h e  same d i v i s i o n .  In  a f u r t h e r  f o u r ,  d u s t  f rom a n o t h e r  
d i v i s i o n  o n ly  was found  t o  c o n t a i n  th e  o rg an ism .
A c q u i s i t i o n  o f  S t r e p t o c o c c u s  pyogenes by members of  th e  
s t a f f  a l s o  o c c u r r e d .  On 24 o c c a s i o n s  i t  was found  t h a t  a  
member o f  s t a f f  had  a c q u i r e d  t h i s  o rgan ism .  T h is  i n c l u d e s  
t h r e e  i n s t a n c e s  where a  l a r g e  number of o rgan ism s  was 
i s o l a t e d  w h e rea s  on some fo rm er  o c c a s io n  a few o rg an ism s  
had b e e n  i s o l a t e d ,  and a  f u r t h e r  two i n s t a n c e s  where members 
o f  s t a f f  were a g a i n  found  to  be c a r r y i n g  s t r e p t o c o c c i  a f t e r  
s e v e r a l  weeks i n  which  th e y  had been  f r e e  o f  th e  o rgan ism .  
T h is  f i g u r e  of 24 f o r  the  42 members of  s t a i f  r e p r e s e n t s  a 
h i g h e r  r a t e  o f  a c q u i s i t i o n  t h a n  o c c u r r e d  w i th  t h e  131 
p a t i e n t s ,  amongst  whom t h e r e  were 32 i n s t a n c e s .  T h is  c o u ld
be e x p l a i n e d  by t h e  f a c t  t h a t  t h e y ,  on t h e  a v e r a g e ,  were 
exam ined  more f r e q u e n t l y  t h a n  th e  p a t i e n t s  and were l o n g e r  
e x p o se d  to  i n f e c t i o n  w i t h  more chance  o f  a c q u i r i n g  t h e  
o r g a n i s m .  M o re o v e r , t h e  use  o f  p e n i c i l l i n  must  have had  
some e f f e c t  on th e  r a t e  o f  a c q u i s i t i o n  o f  S t r e p t o c o c c u s  
p y o g e n e s  by t h e  p a t i e n t s .  ( S e c t i o n  2; C h a p te r  3 ) .
The a c q u i s i t i o n  of  S t r e p t o c o c c u s  pyogenes  by members 
o f  s t a f f  o c c u r r e d  w i t h  t h e  same i n c r e a s e  i n  f r e q u e n c y  i n  
c e r t a i n  weeks a s  had  been  found on s t u d y i n g  t h e  f i n d i n g s  
f o r  t h e  p a t i e n t s .  I n  t h e  i n i t i a l  weeks o f  th e  e x p e r im e n t  
e i g h t  i n s t a n c e s  o c c u r r e d  and t h e  r e s t  be tween weeks 9 and 
1 8 .  Of t h e s e , 12 o c c u r r e d  i n  t h e  p e r i o d ,  week 10 t o  week 
13 ,  w h ic h  f o l l o w e d  t h e  developm ent  o f  s c a r l e t  f e v e r  i n  
p a t i e n t  N o .42. There  were no i n s t a n c e s  a f t e r  week 18 and 
t h u s  t h e  m a j o r i t y  o f  t h e  i n s t a n c e s  o c c u r r e d  when th e  
o r g a n i s m  was p r e s e n t  i n  the  f l o o r  d u s t .
I t  was d i f f i c u l t  t o  d e c id e  w i th  any g r e a t  d e g re e  of  
c e r t a i n t y  w h e th e r  t h e  members of s t a f f  a c q u i r e d  th e  
o r g a n i s m  f ro m  o t h e r  members o f  s t a f f  o r  from t h e  p a t i e n t s .  
D u r in g  t h e  p e r i o d ,  weeks 10 t o  13 ,  so many p a t i e n t s  and 
members o f  s t a f f  c a r r i e d  S t r e p t o c o c c u s  pyogenes  t h a t  many 
p o s s i b l e  s o u r c e s  of i n f e c t i o n  were p r e s e n t .  In  t h e  p e r i o d ,  
weeks 3 t o  6, s t a f f  N o .13, a n u r s e ,  was p r o b a b ly  r e s p o n s i b l  
She a c q u i r e d  S t r e p t o c o c c u s  pyogenes  and d e v e lo p e d  t o n s i l l i t  
i n  week 3* A l th o ug h  t h e  i l l n e s s  c l e a r e d  up q u i c k l y  she 
c o n t i n u e d  t o  c a r r y  l a r g e  numbers of s t r e p t o c o c c i  i n  h e r
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t h r o a t  i o r  s e v e r a l  weeks.  In  th e  i n s t a n c e s  o c c u r r i n g  a f t e r  
week 1 0 ,  a l t h o u g h  members of s t a f f  c o u ld  n o t  be e x c l u d e d ,  i t  
was more l i k e l y  t h a t  t h e  p a t i e n t s  i n  t h e  ward were 
r e s p o n s i b l e  i o r  t h e  i n f e c t i o n .  I n  one o f  t h e s e  i n s t a n c e s  
t h e  member o f  s t a f f  was c o m p la in in g  of  a p a i n f u l  t h r o a t  
when t h e  o rg an ism  was found t o  have been a c q u i r e d .
To sum m arise ,  i n  14 o f  t h e  24 i n s t a n c e s ,  a  p a t i e n t  
was t h e  p o s s i b l e  s o u r c e  of  t h e  a c q u i r e d  s t r e p t o c o c c u s ,  i n  
a  f u r t h e r  t h r e e ,  one c o u ld  n o t  ex c lu de  th e  p o s s i b i l i t y  o f  
a  p a t i e n t  h a v in g  been  th e  s o u rc e  and i n  th e  r e m a in i n g  s e v e n ,  
p a t i e n t s  c o u ld  be e x c l u d e d .  In  e i g h t  of th e  i n s t a n c e s  i t  
was p o s s i b l e  t h a t  a n o t h e r  member o f  s t a f f  p r o v id e d  th e  
p r o b a b l e  so u r c e  and i n  t h e  r e m a in in g  16, a l t h o u g h  a most  
u n l i k e l y  s o u r c e ,  i t  was n o t  p o s s i b l e  t o  c o m p l e t e ly  e x c lu d e  
a n o t h e r  member of  s t a f f .  Prom th e  f o r e g o i n g  one f i n d s  t h a t  
i n  o n l y  t h r e e  i n s t a n c e s  was i t  p o s s i b l e  t h a t  b o th  a  p a t i e n t  
and a  member ox s t a f f  c o u ld  be t h e  so u rc e  and i n  14 a  
p a t i e n t  was t h e  more l i k e l y  so u rc e  a l t h o u g h  members o f  s t a f f  
c o u ld  n o t  be c o m p l e t e l y  e x c lu d e d .  I t  was found t h a t ,  i n  
f i v e  o f  t h e  s e v en  i n s t a n c e s  where i n f e c t i o n  from a  p a t i e n t  
c o u l d  be e x c l u d e d ,  t h e r e  was a  l i k e l y  so u rc e  o f  i n f e c t i o n  
am ongs t  t h e  members o f  th e  s t a f f .
I n  c o n c l u s i o n  one may say  t h a t  when S t r e p t o c o c c u s
p y o g e n e s  was a c q u i r e d  by e i t h e r  a p a t i e n t  o r  a  member o f  t h e  
s t a f f ,  t h e  s o u r c e  from which  t h e y  were presumed t o  have
b e en  a c q u i r e d  was more f r e q u e n t l y  a  p a t i e n t  t h a n  a member o f
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t h e  s t a f f .  The f i n d i n g s ,  a s s o c i a t e d  w i t h  t h e  o c c u r r e n c e  
o f  s c a r l e t  f e v e r  i n  t h e  ward ,  make one f e e l  t h a t  t h e  ward 
d u s t  was c l o s e l y  c o n n e c te d  w i t h  c r o s s  i n f e c t i o n  "by 
s t r e p t o c o c c i ,  and was th e  a c t u a l  v e h i c l e  of i n f e c t i o n  and 
n o t  m e r e ly  a f f o r d i n g  an i n d i c a t i o n  t h a t  c r o s s  i n f e c t i o n  
was g o i n g  o n ,b y  v i r t u e  o f  i t  c o n t a i n i n g  t h e  o rg a n i s m .
T h i s  su r m is e  i s  i n  c o n t r a s t  t o  a  s t a t e m e n t  made by W i l l i a m s  
(1 9 5 4 )  who s a i d  t h a t  i n  th e  i n v e s t i g a t i o n  of  an o u t b r e a k  
o f  i n f e c t i o n  by s t r e p t o c o c c i ,  ‘' t h e i r  p r e s e n c e  i n  th e  d u s t  
may be  no more t h a n  a  b y p r o d u c t  o f  d i s p e r s a l  f rom a  c a r r i e r  
t o  new h o s t  by much more d i r e c t  m eans ."
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c ) S t a p h y l o c o c c u s  a u r e u s .
T h is  o rg an ism  was c a r r i e d  hy  87 (66.4/£) o f  t h e  p a t i e n t s  
and 32 (7b .  2 0^) o f  t h e  s t a f f  a t  some t im e  d u r i n g  th e  
i n v e s t i g a t i o n .  S i x t y - f o u r  ( 4 8 . 8^ )  o f  t h e  p a t i e n t s  and 14 
( 3 3 . 3 ^ )  o f  t h e  s t a f f  a c q u i r e d  th e  o rgan ism  a f t e r  t h e i r  f i r s t  
sw ab b in g .  At a l l  t i m e s ,  t h e r e f o r e ,  th e  ward was h e a v i l y  
p o p u l a t e d  by c a r r i e r s  o f  S ta p h y lo c o c c u s  a u r e u s  ana  t h u s  on 
a l l  o c c a s i o n s ,  when th e  o rgan ism  was a c q u i r e d ,  t h e r e  were 
s e v e r a l  p o s s i b l e  s o u r c e s  o f  i n f e c t i o n  amongst b o t h  t h e  s t a f f  
and  t h e  p a t i e n t s .  S ince  t h e  a c t u a l  so u rc e  of  i n f e c t i o n  
would  have  b e en  i m p o s s i b l e  t o  d e te r m in e  i n  a lm o s t  a l l  
i n s t a n c e s ,  one c o u ld  o n ly  a t t e m p t  to  f i n d  out  w h e th e r  
i n f e c t i o n  a r o s e  more f r e q u e n t l y  f rom a p a t i e n t  or f rom  a 
member o f  s t a f f .  As was s t a t e d  i n  a  p r e v i o u s  c h a p t e r ,  t h e  
d u s t  d i d  n o t  seem t o  p l a y  th e  im p o r t a n t  p a r t  i t  d id  i n  t h e  
t r a n s f e r e n c e  o f  S t r e p t o c o c c u s  pyogenes .  The o c c u r r e n c e  o f  
S t a p h y l o c o c c u s  a u r e u s  i n  t h e  d u s t  d id  n o t  come p a r t i c u l a r l y  
a t  t h o s e  t im e s  when t h e r e  were many c a r r i e r s  i n  t h e  ward o r  
when most  i n s t a n c e s  o f  a c q u i s i t i o n  o f  t h e  o rg an ism  o c c u r r e d .
A lthough a la r g e  percentage  o f  th e  p a t i e n t s  acquired  
S ta p h y lo c o c c u s  a u reu s, a c o n s id e r a b le  p ro p o rtio n  of the  
s t a f f  th e m se lv e s  acquired  the organism. The graph, f ig u r e  
5 , how ever, shows th a t  on a l l  o c ca s io n s  (a ) the  percentage  
o f  s t a f f  c a r r y in g  S tap hylococcus aureus was g r e a te r  than  
t h a t  o f  the p a t i e n t s  so doing; and (b) the percen tage  o f  
p a t i e n t s  a c q u ir in g  S tap hylococcus aureus was g r e a te r  than
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t h a t  o f  th e  s t a f f  so d o in g .
I t  i s  p o s s i b l e  t h e n  t h a t  members of  s t a f f  i n f e c t e d  th e
p a t i e n t s ,  s i n c e  o r i g i n a l l y  and a t  a l l  t i m e s ,  th e  p e r c e n t a g e
o f  c a r r i e r s  amongst th e  s t a f f  was h i g h e r .  P a t i e n t  t o
p a t i e n t  i n f e c t i o n  was l e s s  l i k e l y  s i n c e  i t  h a s  b e en
s u g g e s t e d  i n  an e a r l i e r  c h a p t e r ,  t h a t  t r a n s f e r e n c e  o f
s t a p h y l o c o c c i  p r o b a b l y  to o k  p l a c e  i n  the  m a j o r i t y  o f  t h e
i n s t a n c e s  by d i r e c t  c o n t a c t ,  b eca u se  o f  t h e  p re p o n d e r a n c e
o f  a n t e r i o r  n a s a l  c a r r i e r s .  The p a t i e n t s  were c e r t a i n l y  
%
n o t  i n  d i r e c t  c o n t a c t  and a l s o  r a t h e r  f a r  a p a r t  f o r  d i r e c t  
d r o p l e t  i n f e c t i o n .  D u s t - b o r n e  i n f e c t i o n  was p o s s i b l e  b u t  
i f  p a t i e n t  to  p a t i e n t  i n f e c t i o n  d id  o c cu r  th e  most l i k e l y  
method would be by  m e d ia te  c o n t a c t  by means o f  th e  h a n d s  
o r  u n i f o r m  of  t h e  members o f  s t a f f ,  o r  o c c a s i o n a l l y  by t o y s ,  
t h e r m o m e t e r s ,  e t c .  I f  t h e  fo rm er  were the  c a s e  t h e  members 
.of s t a f f  may e a s i l y  t h e m s e lv e s  have become i n f e c t e d  w i t h  
t h e  o rg a n i s m ,  u n l e s s  a l r e a d y  c a r r i e r s .  F i n a l l y ,  a  member 
o f  s t a f f  c o u ld  e a s i l y  have i n f e c t e d  a n o t h e r  by d i r e c t  o r  
m e d i a t e  c o n t a c t .
I t  i s  t h u s  l i k e l y  t h a t  i n  th e  m a j o r i t y  o f  i n s t a n c e s ,  
i n f e c t i o n  o f  the  p a t i e n t s  came f rom  t h e  s t a f f ,  a l t h o u g h  on 
some o c c a s i o n s ,  i n f e c t i o n  may have a r i s e n  from a n o t h e r  
p a t i e n t  w i t h  a  member o f  s t a f f  o r  th e  f l o o r  d u s t  a c t i n g  a s  
t h e  v e h i c l e  o f  i n f e c t i o n .  One o t h e r  p o i n t  i n  f a v o u r  o f  
s t a f f  t o  p a t i e n t  i n f e c t i o n  i s  th e  f a c t  t h a t  p a t i e n t s  
a d m i t t e d  to  t h e  ward i n  th e  e a r l y  weeks of  the  i n v e s t i g a t i o n
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a c q u i r e d  S t a p h y lo c o c c u s  a u r e u s  a s  f r e q u e n t l y  a s  d id  t h o s e  
a d m i t t e d  l a t e r ,  when th e  t o t a l  number of  c a r r i e r s  amongst  
t h e  p a t i e n t s  was g r e a t e r ,  t h e r e b y  r e n d e r i n g  th e  r i s k  o f  
i n f e c t i o n  f rom  a n o t h e r  p a t i e n t  t h e  g r e a t e r .  Members of 
s t a f f  c o u ld  a s  e a s i l y  have a c q u i r e d  th e  o rgan ism  f ro m  
p a t i e n t s  a s  from, o t h e r  members o f  s t a f f ,  by d i r e c t  o r  
m e d i a t e  c o n t a c t .
D e f i n i t e  c o n c l u s i o n s  a r e ,  however ,  i m p o s s ib l e  w i t h o u t  
t h e  a i d  o f  B a c t e r i o p h a g e  t y p i n g .
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d) Summary and C o n c lu s io n s .
1 .  The Pneumococcus:
Pneumococci  were a c q u i r e d  by 48 p a t i e n t s  b u t  t h i s  was 
an  u n d e r e s t i m a t e  of* th e  t o t a l  number o f  t im e s  a  pneumococcus 
was a c q u i r e d .  When th e  t y p e  was a s c e r t a i n e d ,  i t  was fo u n d  
t h a t  t h e r e  were 62 i n s t a n c e s  of a pneumococcus b e i n g  a c q u i r e d  
by  a  p a t i e n t  d u r i n g  h i s  s t a y  i n  h o s p i t a l .  The members o f  
s t a f f  a c q u i r e d  pneumococci  l e s s  f r e q u e n t l y ,  22 i n s t a n c e s  i n  
a l l .  I t  was t o  be e x p e c te d  t h a t  any so u rc e  of i n f e c t i o n  
e x i s t i n g  i n  t h e  ward would be d e te rm in e d  f a i r l y  a c c u r a t e l y  
b e c a u s e  o f  t h e  d i s t i n c t  s e r o l o g i c a l  t y p e s ,  and i n  t h i s  
r e s p e c t  t h e  pneumococcus was a more s a t i s f a c t o r y  o rg a n i s m  to  
d e a l  w i t h  t h a n  th e  s t r e p t o c o c c u s  o r  th e  s t a p h y l o c o c c u s ,  
w h ic h  were  n o t  so t y p e d .
I n  a  c o n s i d e r a b l e  p r o p o r t i o n  of  i n s t a n c e s  ( 3 8 . 7 $ ) ,  "the 
s o u r c e  o f  th e  pneumococcus a c q u i r e d  by t h e  p a t i e n t  c o u ld  n o t  
be f o u n d .  I n  5 4 .9  VeT c e n t ,  a  p r o b a b le  so u rc e  o f  i n f e c t i o n  
was f o u n d  amongst  t h e  p a t i e n t s  and i n  a s m a l l e r  number,  
( 2 4 . 2 $ ) ,  amongst  th e  members of  s t a f f .  S i m i l a r l y ,  i n  
i n s t a n c e s  o f  a c q u i s i t i o n  of  a  pneumococcus by a  member o f  
s t a f f ,  t h e  s o u r c e  of  th e  a c q u i r e d  o rg an ism  c o u ld  n o t  be 
d e t e r m i n e d  i n  a  c o n s i d e r a b l e  p r o p o r t i o n ,  b u t  when i t  was 
d e t e r m i n e d ,  a p a t i e n t  formed t h a t  sou rc e  more f r e q u e n t l y
t h a n  d id  a  member o f  s t a f f .
When th e  a c q u i r e d  type  was one of  th e  l e s s  commonly 
o c c u r r i n g  t y p e s  one c o u l d - o f t e n  s a y  w i th  some c o n f i d e n c e
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f ro m  w hich  i n d i v i d u a l  t h e  o rgan ism  came, b u t  n o t  so w i t h  
t h e  more f r e q u e n t l y  o c c u r r i n g  ty p e  6 and t y p e  23. When 
t h e s e  t y p e s  were i n v o lv e d  t h e r e  were u s u a l l y  s e v e r a l  
p o s s i b l e  s o u r c e s  f rom  which a p a t i e n t  or  a  member o f  s t a f f  
m ig h t  a c q u i r e  t h e  o rgan ism .  The a c q u i r e d  t y p e s  were on a 
few o c c a s i o n s  i s o l a t e d  f rom t h e  f l o o r  d u s t  o f  t h e  w a rd .
A p a t i e n t  t h e r e f o r e ,  d i d  seem c a p a b le  of  i n f e c t i n g  
a n o t h e r  p a t i e n t  o r  a member of s t a f f  w i t h  a  pneumococcus.
I n  a  few i n s t a n c e s  t h e  i n f e c t i n g  and t h e  i n f e c t e d  p a t i e n t s  
were  i n  a d j a c e n t  c o t s .  In  some, t h e  p a t i e n t s  were a t  l e a s t  
i n  t h e  same d i v i s i o n  b u t  on o t h e r  o c c a s i o n s ,  t h e  i n f e c t e d  
p a t i e n t  and t h e  p a t i e n t  from whom i n f e c t i o n  was presumed 
t o  have  come were i n  d i f f e r e n t  d i v i s i o n s .  I f  t h e  l a t t e r  
were  t h e  c a s e  t h e r e  i s  some doubt  as  t o  w h e th e r  i n f e c t i o n  
d i d  o c c u r  f rom  one t o  t h e  o t h e r  u n l e s s  one a c c e p t s  t h a t  t h e  
ward d u s t  was d e f i n i t e l y  t h e  medium o f  i n f e c t i o n .  When one 
t a k e s  i n t o  a c c o u n t  t h e  r a p i d  d e a t h  r a t e  o f  t h e  pneumococcus 
when ex p o sed  t o  c o n d i t i o n s  of  d r y in g  such  a s  would be found  
i n  t h e  ward  d u s t ,  t h e  i s o l a t i o n  of pneumococci f rom i t  even 
o c c a s i o n a l l y ,  s u g g e s t s  t h a t  t h e  d u s t  was i n f e c t e d  by th e  
p a t i e n t s  o r  members o f  s t a f f .  I t  i s  p r o b a b le  t h a t  th e  
d u s t  c o u ld  be t h e  a c t u a l  v e h i c l e  of i n f e c t i o n  from p a t i e n t  
t o  p a t i e n t  and t h e r e f o r e  a l s o  from p a t i e n t  t o  member of  
s t a f f ,  s i n c e  ( a )  th e  p a t i e n t s  were f a r  enough a p a r t  t o  make 
d i r e c t  d r o p l e t  i n f e c t i o n  from one t o  t h e  o t h e r  d i x x i c u l t  i f
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n o t  i m p o s s i b l e ,  and (b )  d i r e c t  c o n t a c t  be tw een  p a t i e n t s  
d i d  n o t  o c c u r .  M edia te  i n f e c t i o n ,  however ,  c o u ld  n o t  be 
e x c l u d e d  s i n c e  i t  d id  o c c u r  t h r o u g h  t h e  communal u se  of 
t o y s  and th e rm o m e te r s  and by way of t h e  han ds  and u n i f o r m  
o f  t h e  n u r s e s  who a t t e n d e d  one p a t i e n t  a f t e r  a n o t h e r .
(G reen  and P e n f o l d :  194-7; H are :  1941) .
2 .  S t r e p t o c o c c u s  pyogen es .
S t r e p t o c o c c u s  pyogenes  was a c q u i r e d  by t h e  p a t i e n t s  
much l e s s  o f t e n  t h a n  was th e  pneumococcus.  The s t a f f ,  
h ow ever ,  a c q u i r e d  the  o rgan ism  a s  o f t e n  a s  d id  t h e  p a t i e n t s .  
The w r i t e r ' s  f i n d i n g s  s u g g e s t e d  t h a t  u s u a l l y  t h e  so u r c e  o f  
i n f e c t i o n  f o r  p a t i e n t  and member of s t a f f  a l i k e  was a  
p a t i e n t  i n  t h e  w a r d .  The development  of s c a r l e t  f e v e r  i n  
a  p a t i e n t  and t h e  s u b s e q u e n t  h ap p en in g s  h e lp e d  to  
s u b s t a n t i a t e  t h i s  v iew .  The ward f l o o r  d u s t  c o n t a i n e d  
S t r e p t o c o c c u s  pyogenes  e s p e c i a l l y  a t  t h e  t im e  when most  o f  
t h e  i n s t a n c e s  o f  a c q u i s i t i o n  o f  t h i s  o rg an ism  o c c u r r e d .
The d u s t  was t h u s  t h e  most l i k e l y  v e h i c l e  o f  i n f e c t i o n  f rom 
p a t i e n t  to  p a t i e n t  o r  f rom p a t i e n t  to  member of  s t a f f .  The 
d u s t  would  become i n f e c t e d  from the  d r o p l e t s  e x p e l l e d  from 
th e  p a t i e n t s  and members o f  s t a f f .  The s m a l l e r  d r o p l e t s  
r e m a in  su sp en d e d  f o r  some t im e  b u t  th e  l a r g e r  ones f a l l  t o  
th e  f l o o r  r a p i d l y .  (Hare:  1940; B o u r d i l l o n  and L id w e l l :  1 9 4 1 ) .  
D i r e c t  d r o p l e t  i n f e c t i o n  f rom p a t i e n t  t o  member of  s t a f f  cr 
f rom  member of  s t a f f  to  p a t i e n t  cou ld  e a s i l y  have o c c u r r e d  
a l t h o u g h  i t  would have been  d i i i i c u l t  between p a t i e n t  and
p a t i e n t .  D i r e c t  c o n t a c t  be tween  p a t i e n t s  and members o f  
s t a f f  d i d  o c c u r  a s  a l s o  d i d  m e d ia te  c o n t a c t  be tw een  p a t i e n t s  
and t h e r e f o r e  t h e y  must be i n c l u d e d  a s  p o s s i b l e  m ethods  o f  
c r o s s  i n f e c t i o n .  T r a n s m i s s io n  by means of  han ds  and c l o t h i n g ,  
c o n t a m i n a t e d  by n a s a l  c a r r i e r s ,  s e r v e  a s  t h e  p r i n c i p a l  means 
o f  c o n t a m i n a t i n g  t h e  en v iro nm en t  of o t h e r  i n d i v i d u a l s  i n  t h e  
o p i n i o n  o f  Rubbo and Benjamin , 1951.  There  w e re ,  however ,  
v e r y  few n a s a l  c a r r i e r s  amonst t h e  i n d i v i d u a l s  examined by 
t h e  p r e s e n t  w r i t e r  and th e  o c c u r r e n c e  o f  m e d ia te  c o n t a c t  by 
f o m i t e s ,  be tw een  p a t i e n t s  a t  l e a s t ,  was l i m i t e d .  The main 
t h i n g  i n  f a v o u r  o f  d u s t  borne  i n f e c t i o n  was t h a t  t h e  p a t i e n t s  
a c q u i r i n g  t h e  s t r e p t o c o c c i  were s c a t t e r e d  th r o u g h o u t  t h e  
v a r i o u s  d i v i s i o n s  and a  p o s i t i v e  d u s t  sample was u s u a l l y  
o b t a i n e d  f rom any d i v i s i o n  i n  which a p a t i e n t  a c q u i r e d  
s t r e p t o c o c c i .  M oreover ,  t h e  d u s t  c a r r i e d  S t r e p t o c o c c i  
p y o g e n e s  b e f o r e  s c a r l e t  f e v e r  d ev e lo p ed  i n  one of t h e  p a t i e n t s  
3* S t a p h y l o c o c c u s  a u r e u s .
S t a p h y lo c o c c u s  a u r e u s  was a c q u i r e d  by a  l a r g e  number of 
p a t i e n t s  and  by a  l e s s e r  number o f  members o f  s t a f f .  Owing 
t o  t h e  f a c t  t h a t  t h e  o rgan ism  was n o t  typed  and t h a t  t h e r e  
was a  l a r g e  number of p o s s i b l e  s o u r c e s  of the o rg an ism  
amongst p a t i e n t s  and s t a f f  a l i k e ,  no a t t e m p t  was made t o  
d e t e r m i n e  t h e  e x a c t  so u rc e  of the  a c q u i r e d  o rg an ism .  I t  
was h o w e v e r ,  more t h a n  l i k e l y  t h a t  t h e  s t a f f  i n i e c t e d  th e  
p a t i e n t s  r a t h e r  t h a n  t h a t  one p a t i e n t  i n f e c t e d  a n o t h e r .
Members o f  s t a f f  a c q u i r i n g  the  organ ism  might  have a c q u i r e d
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i t  f ro m  e i t h e r  a n o t h e r  member o f  s t a f f  or a  p a t i e n t .  In  
v ie w  of t h e  h ig h  n a s a l  c a r r i e r  i n c i d e n c e ,  i n f e c t i o n  by 
d i r e c t  o r  m ed ia te  c o n t a c t  was more p r o b a b le  t h a n  b y  a i r  
b o r n e  d r o p l e t s  or by f l o o r  d u s t .  (See d u s t  sa m p l in g  
f i n d i n g s ) .  I n  c o n n e c t i o n  w i t h  t h i s  a s s u m p t io n  one m igh t  
m e n t i o n  a  r e c e n t  p u b l i c a t i o n  by Marsh and Rodway ( 1 9 5 4 ) .  
They fo u nd  t h a t  d u s t  s u p p r e s s i v e  m ea su re s  had no e f f e c t  
i n  l e s s e n i n g  th e  number o f  t im e s  S t a p h y lo c o c c u s  a u r e u s  
was a c q u i r e d  by b a b i e s  i n  n e o n a t a l  n u r s e r i e s .  T h is  
f i n d i n g  b e a r s  out  t h e  w r i t e r ' s  su rm ise  r e g a r d i n g  th e  method 
o f  t r a n s f e r  of t h e s e  o rg an ism s .
Aga in  may i t  be s t r e s s e d  what a  d a n g e r  t h e  n u r s i n g  
s t a f f  c o n s t i t u t e d  f o r  t h e  p a t i e n t  i n  th e  w a rd s ,  e s p e c i a l l y  
a s  many o f  th e  s t a p h y l o c o c c i  c a r r i e d  by t h e  s t a f f  were  
p e n i c i l l i n  r e s i s t a n t  p a th o g e n s  and a t  t h e  t ime o f  t h e s e  
i n v e s t i g a t i o n s  t h e  newer a n t i b i o t i c s  were i n  v e r y  s h o r t  
s u p p l y .
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SECTION 4.
D i s c u s s i o n  and G en era l  C o n c lu s io n s .
C h a p t e r  I . : D i s c u s s i o n :  a )  Presumed E t i o l o g y  o f  Pneumonia
h )  The P r e s e n t  I n v e s t i g a t i o n  and 
t h e  R e l a t i o n s h i p  o f  t h i s  S tud y  
on Cross  I n f e c t i o n  by th e  
pneumococcus to  th e  E t i o l o g y  
of R e s p i r a t o r y  I n f e c t i o n .
c )  Comparison of t h e  W r i t e r ’ s 
f i n d i n g s  r e g a r d i n g  c r o s s ­
i n f e c t i o n  by th e  Pneumococcus, 
S t r e p to c o c c u s  p yogenes ,  and 
S ta p h y lo c o cc u s  a u r e u s .
d) The p a r t  p l a y e d  by t h e  pneumo­
coccus  i n  th e  E t i o l o g y  o f  
Pneumonia a s  based  on the  
W r i t e r ' s  b a c t e r i o l o g i c a l  
f i n d i n g s  f o r  th e  p a t i e n t s  on 
a d m is s io n  to h o s p i t a l .
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C h a p t e r  2 . : G enera l  C o n c lu s io n s  r e g a r d i n g  t h e  E t i o l o g y  of 136 .
Pneumonia and B r o n c h i t i s  i n  th e  i n f a n t  and 
young c h i l d .
C h a p ter  1 .
D i s c u s s i o n
) Presumed E t i o l o g y  of  Pneumonia :
As l o n g  ago a s  1886, pneumonia was found t o  he 
a s s o c i a t e d  w i t h  t h e  o rgan ism ,  now known a s  t h e  pneumococcus,  
( F r a n k e l ,  quoted  by H e f f r o n ,  1 9 3 9 ) .  I t  was s u b s e q u e n t l y  
shown t h a t  t h e  m a j o r i t y  o f  i n s t a n c e s  o f  pneumonia i n  th e  
a d u l t  were  caused  by a pneumococcus and a t  t h e  p r e s e n t  t i m e ,  
t h e  pneumococcus i s  s t i l l  r e s p o n s i b l e  f o r  most i n s t a n c e s  o f  
l o b a r  pneumonia  i n  a d u l t s .  In  an i n v e s t i g a t i o n  by t h e  
M e d ic a l  R e s e a r c h  C o u n c i l  i n  1951,  i n  which t h e  w r i t e r  t o o k  
p a r t ,  i t  was found  t h a t  69-79 p e r  c e n t  of  c a s e s  o f  pneumonia  
i n  a d u l t s ,  f rom  s e v e r a l  h o s p i t a l s  t h r o u g h o u t  t h e  c o u n t r y ,  
were  pneum ococcal  i n  o r i g i n .
'With t h e  deve lopm ent  o f  pneumococcal  t y p i n g ,  i t  was 
fo u n d  t h a t  t h e  pneumococci,  most o f t e n  a s s o c i a t e d  w i t h  
pneum onia  i n  t h e  a d u l t ,  were t y p e s  1, 2 and 3* O the r  t y p e s  
were  l e s s  f r e q u e n t l y  fo u n d .  Pneumonia i n  th e  i n f a n t  and 
c h i l d  was a l s o  presumed to  be due to  th e  pneumococcus,  b u t ,  
many w r i t e r s  found t h a t  i t  was th e  h i g h e r  t y p e s  o f  pneumo­
c o c c i  w h ich  were a s s o c i a t e d  w i th  th e  i l l n e s s .  (T a b le s  33 
and 3 4 ) .  These h i g h e r  t y p e s  were a l s o  the  t y p e s  o f  
p neum ococc i  found i n  t h e  h e a l t h y  p o p u l a t i o n  o f  a l l  a ges  
( P a r k ,  1930 ;  Gundel,  1933; S t r a k e r ,  H i l l  and L o v e l l ,  1939;  
G u th r i e  and Montgomery, 1948; Mendez and L ik a r ,  1 9 5 3 ) .
T a b le 1 1 6 a .
Types o f  Pneumococc i  i s o l a t e d  by v a r i o u s  a u t h o r s  f rom 
pneumonia  p a t i e n t s  and h e a l t h y  c a r r i e r s .
Pneumo­ Pneumonia i n Pneumonia i n H e a l t h yc o c c a l a d u l t s . i n f a n t s  and C a r r i e r s .Type. c h i l d r e n .
No.
. . .  $ No. $ No. $
1 2 ,573 2 1 .4 384 1 5 .3 42 1 . 22 888 7 .4 59 2 .4 36 1 . 0
3 1 ,4 8 0 1 2 .3 103 4 .1 529 1 4 .94 643 5 .3 122 4 .9 233 6 . 65 809 6 .7 134 5 .3 12 0 .36 & 26 330 2 .7 309 1 2 .3 368 1 0 .4
7 1 ,1 1 6 9 .3 99 4 .0 71 2 .08 980 8 .2 40 1 . 6 134 3 .8
9 266 2 .2 43 1 . 7 80 2 .310 131 1 . 1 21 0 .8 168 4 .7
11 129 1 . 1 46 1 . 8 133 3 .812 168 1 . 4 11 0 .4 38 1 . 1
13 138 1 . 1 23 0 .9 20 0 .6
14 512 4 .2 434 1 7 .3 11 0 .3
15 & 30 106 0 .9 64 2 .6 62 1 . 8
16 91 0 .8 36 1 . 4 5 0 .1
17 147 1 . 2 33 1 .3 54 1 .5
18 317 2 .6 70 2 .8 280 7 .9
19 298 2 .5 187 7 .5 99 2 .8
20 192 1 . 6 33 1 .3 64 1 . 8
21 72 0 .6 42 1 . 7 66 1 .9
22 105 0 .9 38 1 .5 144 4 .1
23 90 0 .7 66 2 .6 46 1 . 3
24 62 0.5 18 0 .7 18 0 .5
25 114 0 .9 8 0 .3 25 0 .7
27 26 0 .2 1 0 .1 17 0 .5
28 46 0 .4 18 0 .7 60 1 . 7
29 107 0 .9 31 1 . 2 105 2 .9
31 32 0 .3 17 0 .7 22 0. 6
32 22 0 .2 4 0 .2 8 0 .2
Not 1 -3 2 49 0 .4 12 0 .5 593 1 6 .7
TOTAL: 12,049 1 0 0 .0 2,506 1 0 0 .0 3 ,543 1 0 0 .0
( Prom F i n l a n d ,  1 9 4 2 a )
Table 1 1 6 b .
—of pneumococci r e p o r t e d  by v a r i o u s  a u t h o r s  i n  
pneumonia i n  c h i l d r e n .
C o u n t r y  and A u th o rs . No. o f  
C a se s . 1
Type
2 3 Grout) 4.
America
1916 W o l l s t e i n  & Benson.
1916 P i s e k  & P e a s e .
1917  M i t c h e l l
1922 Lyon
1923 W o l l s t e i n  
1926 W est lund  
1930 T rask  e t  a l .
1 9 3 °  Cooper
1930  &
1931 Plummer e t  a l . 958
128






7 1 .7 $
Germany.
1932 Gundel & S c h a e f e r 52
6






7 6 .9 $
P o l a n d .








4 6 .9 $
J a p a n .
1930  I s h i d a 123
22
1 7 .9 $
46





A u s t r a l i a .  








5 0 .0 $
S c o t l a n d .








9 0 .7 $
TOTAL: 14 a u t h o r s 1457 235
1 6 .1 $
152




6 7 . 8$
( .From B la c k lo c k  and G u th r ie  ( 1 9 3 3 ) )
117.
Pneumonia  i n  t h e  i n f a n t  d i f f e r s  f rom  t h a t  i n  t h e  a d u l t  
n o t  o n ly  i n  t h e  t y p e  of  pneumococcus a s s o c i a t e d  w i t h  i t  b u t  
a l s o  i n  th e  d i s t r i b u t i o n  o f  t h e  c o n s o l i d a t i o n .  In  t h e  
i n f a n t ,  broncho-pneumonic o r  s c a t t e r e d  l o b u l a r  c o n s o l i d a t i o n  
i s  c h a r a c t e r i s t i c  and o n ly  i n  th e  o l d e r  c h i l d  does  one f i n d  
t h e  l o b a r  c o n s o l i d a t i o n  c h a r a c t e r i s t i c  o f  pneumonia i n  t h e  
a d u l t .  (S h e ld o n ,  1 9 5 1 ) .  Pneumonia o f  a s c a t t e r e d  l o b u l a r  
d i s t r i b u t i o n  i s  a l s o  found  i n  t h e  a d u l t  and i s  o f t e n  caused  
b y  pneum ococc i  o f  th e  h i g h e r  t y p e s  ( M a r s h a l l  and P e r r y ,  1 9 5 2 ) .  
I t  i s  h o w ever ,  a lm o s t  im p o s s ib l e  t o  d i s t i n g u i s h  such  c a s e s  
f ro m  c a s e s  s u f f e r i n g  from a d i f f u s e  a s p i r a t i o n  pneumonia .
The e p id e m io lo g y  o f  pneumonia h a s  been  s t u d i e d  by many 
w r i t e r s  and was r e v ie w e d  by  P in l a n d  (1942b) .  The 
c o n t a g i o u s n e s s  o f  a d u l t  pneumonia i s  i n  l i t t l e  doub t  b u t  
t h e  f a c t o r s  u n d e r l y i n g  th e  s u s c e p t i b i l i t y  o f  one i n d i v i d u a l ,  
so t h a t  he d e v e lo p s  pneumonia, i n s t e a d  of r e m a in in g  a 
h e a l t h y  c a r r i e r ,  a r e  n o t  c l e a r l y  u n d e r s to o d .  Pneumococci  
were  p resum ed  t o  p a s s  f rom one i n d i v i d u a l  to  a n o t h e r  by 
means o f  t h e  e x p u l s i o n ,  f rom the  nose  and t h r o a t ,  o f  d r o p l e t s  
o f  d i s c h a r g e  and th e  i n h a l a t i o n ,  by a n o t h e r ,  of  t h e s e  
d r o p l e t s .  There was however,  v e ry  l i t t l e  d i r e c t  o r  p o s i t i v e  
p r o o f  t h a t  pneumonia was a c q u i r e d  th ro u g h  a i r b o r n e  d r o p l e t
i n f e c t i o n .  ( P i n l a n d ,  1942b) .
The h i g h  i n c i d e n c e  o f  pneumococci  of t y p e s  1 ,  2 and 3 
a s  compared  w i t h  th e  low i n c id e n c e  of  t h e s e  t y p e s  i n  t h e  
h e a l t h y  p o p u l a t i o n  was th o u g h t  to  i n d i c a t e  an exogenous
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i n f e c t i o n ,  w h e reas ,  th e  a s s o c i a t i o n  o f  pneumonia i n  th e  
i n f a n t  and c h i l d  w i t h  pneumococci  o f  t h e  h i g h e r  t y p e s  
common i n  t h e  h e a l t h y  p o p u l a t i o n  o f  a l l  a g es  was t h o u g h t  
t o  he e v id e n c e  o f  an endogenous i n f e c t i o n .
I t  i s  f r e q u e n t l y  n o t e d  t h a t ,  i n  t h e  two or  t h r e e  days  
p r e c e d i n g  th e  o n s e t  of pneumonic symptoms, t h e  c h i l d  shows 
symptoms and s i g n s  o f  an  u p p e r  r e s p i r a t o r y  i n f e c t i o n  
( S h e l d o n ,  1 9 5 1 ) ,  and i t  cou ld  i n  a l l  p r o b a b i l i t y  be t h i s  
p r e c e d i n g  r e s p i r a t o r y  i n f e c t i o n  which i n i t i a t e s  t h e  
en d og en o u s  i n f e c t i o n  by pneumococci a l r e a d y  p r e s e n t  i n  th e  
u p p e r  r e s p i r a t o r y  t r a c t .  (Dochez, M i l l s  and K n e e la n d ,  1 9 3 3 ) .  
F a c t o r s  su ch  a s  p o o r  s o c i a l  s t a t u s ,  en v i ro n m en t ,  c l i m a t e ,  
a r e  o f t e n  blamed f o r  the  o c c u r re n c e  of  pneumonia i n  t h e  
i n f a n t ,  b u t  Landsman i n  1953 showed t h a t  t h i s  had 
c o m p a r a t i v e l y  l i t t l e  e f f e c t  and she i n c r i m i n a t e d  some o t h e r  
f a c t o r  i n  th e  i n i t i a t i o n  o f  the  pneumonic p r o c e s s .  She 
s u g g e s t e d  t h a t  t h i s  f a c t o r  might  be v i r a l  i n  n a t u r e .
A l t e r n a t i v e l y ,  i t  may be t h a t  pneumonia i n  th e  young 
c h i l d  o r  i n f a n t ,  i s  due to  the  a c q u i s i t i o n  of  a pneumo­
c o c c u s ,  o f  one of th e  h i g h e r  t y p e s ,  which t h e  c h i l d  h a s  n o t  
a l r e a d y  c a r r i e d  and which  i s  of h i g h e r  v i r u l e n c e  to  t h e  
c h i l d  t h a n  t o  th e  a d u l t .  Thus i t  may be an a c q u i r e d  
i n f e c t i o n  which  c a u se s  the  pneumonia b u t  t h i s  may o n ly  
d e v e l o p  when t h e  r e s p i r a t o r y  t r a c t  mucosa has  a l r e a d y  been
damaged by some o t h e r  f a c t o r .
Even i n  th e  a d u l t ,  t h e  exogenous n a t u r e  o f  pneumococcal
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pneum onia  i s  o b sc u red  by c e r t a i n  f e a t u r e s .  Many w r i t e r s  
have  lo u n d  an i n c r e a s e  i n  t h e  c a r r i e r  r a t e  o f  t h e  
p neum ococca l  ty p e  c a u s i n g  th e  pneumonia,  i n  t h e  c o n t a c t s  
o f  t h e  p a t i e n t  ( S t i l l m a n ,  1917; Rosenau,  F e l t o n  and 
A t w a t e r ,  1926; Ja c o b s o n ,  1927; S m i l l i e ,  1933;  S m i l l i e  and 
L e e d e r ,  1 9 3 4 ) .  T h is  would s u b s t a n t i a t e  th e  exogenous  
n a t u r e  o f  t h e  i n f e c t i o n  b u t  i t  i s  d i f f i c u l t  t o  u n d e r s t a n d  
why o n l y  one member o f  a  group  d e v e lo p s  pneumonia.
The g r e a t e r  v i r u l e n c e  of some pneumococcal  t y p e s  may 
d i s t u r b  t h e  random d i s t r i b u t i o n  of  t y p e s  i n  pneumococcal  
pneum onia  and i t  may w e l l  be t h a t  a h i g h l y  v i r u l e n t  and 
r e s i s t a n t  t y p e  s p r e a d s  i n  a sm a l l  g roup  or  f a m i l y  and the  
o c c u r r e n c e  o f  some f a c t o r  r e d u c in g  t h e  r e s i s t a n c e  o f  one 
member w i l l  cause  th e  development  of pneumonia,  i n  t h a t  
i n d i v i d u a l  ( J o r d a n  and Burrows, 1 9 4 7 ) .  The w r i t e r  h a s  seen  
a n  a d u l t  s u f f e r i n g  from pneumonia due t o  a ty p e  2 pneumococcus 
s u d d e n l y  r e l a p s e  w i t h  a c o n s o l i d a t i o n  on th e  c o n t r a - l a t e r a l  
s i d e  due t o  a ty p e  7 pneumococcus, a p a t i e n t  s u f f e r i n g  f rom  
a  t y p e  7 pneumonia b e in g  a t  t h i s  t im e  i n  t h e  o p p o s i t e  bed .
T h i s  would seem t o  be e v id e n c e  of  th e  exogenous n a t u r e  o f  
l o b a r  pneumonia  i n  t h e  a d u l t  bu t  th e  w r i t e r  a d m i t s  some 
o t h e r  f a c t o r  which r e n d e r e d  th e  p a t i e n t  s u s c e p t i b l e  to  t h e  
a c q u i r e d  i n f e c t i o n  by th e  typ e  7 pneumococcus. The 
p o s s i b i l i t y  t h a t  a l l e r g y  may have been p a r t i a l l y  r e s p o n s i b l e  
c a n n o t  be e x c lu d e d .  (Sharp  and B lake ,  1930;  L indau ,  1933; 
F r i e d ,  1 9 3 3 ) .
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b ) The P r e s e n t  I n v e s t i g a t i o n  and t h e  R e l a t i o n s h i p  
o f  t h i s  S tudy  on G ro ss  I n f e c t i o n  by t h e  
pneumococcus t o  t h e  E t i o l o g y  o f  R e s p i r a t o r y  I n f e c t i o n .
One o f  t h e  main  r e a s o n s  f o r  u n d e r t a k i n g  t h i s  p r e s e n t  
i n v e s t i g a t i o n  was to  see  i f  t h e  exogenous  t y p e  o f  i n f e c t i o n ,  
m e n t i o n e d  i n  t h e  l a s t  p a r a g r a p h ,  d i d  o c c u r  i n  t h e  i n f a n t .
The w r i t e r  w ish e d  t o  a s c e r t a i n  how g r e a t  was t h e  o c c u r r e n c e  
o f  c r o s s  i n f e c t i o n  by pneumococci  i n  an open w ard ,  and  w h e t h e r  
c r o s s  i n f e c t i o n  by pneumococci  e v e r  c a u s e d  i l l n e s s  i n  t h e  
p a t i e n t .  The ward  u s e d  f o r  t h e  i n v e s t i g a t i o n  was a t  a l l  
t i m e s  f u l l y  o c c u p i e d  by p a t i e n t s ,  n e a r l y  a l l  o f  whom were 
s u f f e r i n g  from b r o n c h i t i s  o r  pneumonia .  These p a t i e n t s  were 
e x p o se d  t o  t h e  pneumococci  and o t h e r  o rg a n is m s  c a r r i e d  by t h e  
members o f  s t a f f  who lo o k e d  a f t e r  them . Each was a l s o  
c o n t i n u a l l y  i n  t h e  p r e s e n c e  o f  t h e  o t h e r  p a t i e n t s ,  6 1 .8  p e r  
c e n t  o f  whom were found  t o  be c a r r y i n g  pneum ococc i .  What 
i s  m ore ,  i f  one p resum es  t h a t  t h e s e  pneumococci  were t h e  
c a u s a l  o rg a n i s m s  o f  t h e  r e s p i r a t o r y  i l l n e s s e s  i t  meant  t h a t  
t h e  pneum ococc i  t o  which t h e  p a t i e n t s  were exp o sed  were 
v i r u l e n t  and c a p a b le  o f  c a u s i n g  b r o n c h i t i s  o r  pneum onia .
On many o c c a s i o n s  t h r o u g h o u t  t h e  i n v e s t i g a t i o n  a  p a t i e n t  
was c r o s s  i n f e c t e d  by a pneumococcus.  On o n ly  one o c c a s i o n ,  
when a pneumococcus v^as a c q u i r e d ,  was t h e r e  any s u g g e s t i o n  o f  
a  c o n s t i t u t i o n a l  u p s e t ;  on t h i s  o c c a s i o n ,  an e l e v a t i o n  o f  
t e m p e r a t u r e .  On t h e  few o c c a s i o n s  when t h e r e  was some 
c l i n i c a l  e v id e n c e  s u g g e s t i v e  of an a c q u i r e d  r e s p i r a t o r y
1 2 1 .
i n f e c t i o n ,  such  a s  r e c r u d e s c e n c e  o f  t e m p e r a t u r e  o r  c l i n i c a l  
r e l a p s e ,  t h e r e  was n e v e r  an a s s o c i a t e d  a c q u i s i t i o n  o f  a 
pneum ococcus .
The so u rc e  o f  t h e  a c q u i r e d  pneumococcus was l o o k e d  f o r  
on e v e r y  o c c a s i o n  w i th  a s  much c a r e  a s  p o s s i b l e .  I n  a s m a l l  
p r o p o r t i o n  i t  was t r a c e d  t o  t h e  p a t i e n t  i n  t h e  a d j a c e n t  c o t .  
I n  a  s i m i l a r  number o f  i n s t a n c e s  i t  c o u ld  be t r a c e d  t o  
a n o t h e r  p a t i e n t  i n  t h e  same d i v i s i o n  o f  t h e  ward and i n  
s e v e r a l  o t h e r  i n s t a n c e s  i t  c o u ld  be t r a c e d  t o  a p a t i e n t  i n  
a n o t h e r  d i v i s i o n  o f  t h e  ward .  On some o c c a s i o n s  t h e  
a c q u i r e d  pneumococcus was found  i n  t h e  d u s t  o f  t h e  w ard .  On 
o t h e r  o c c a s i o n s ,  however ,  t h e  pneumococcus c o u l d  n o t  be 
t r a c e d  t o  any o t h e r  p a t i e n t  i n  t h e  ward n o r  was i t  fo u n d  i n  
t h e  d u s t  o f  t h e  w ard .  T h is  happened  i n  3 8 .7  p e r  c e n t  o f  
i n s t a n c e s .  A f i n a l ,  e x t r e m e l y  i m p o r t a n t  p o i n t  was t h a t  
t h e r e  were few c o n v i n c i n g  i n s t a n c e s  o f  a  member o f  s t a f f  
f o r m i n g  t h e  so u rc e  o f  t h e  a c q u i r e d  pneumococcus a l t h o u g h  t h e  
n u r s i n g  s t a f f  was i n  v e r y  c l o s e  c o n t a c t  w i t h  t h e  p a t i e n t s .  
The n u r s i n g ,  m e d i c a l  and d o m es t ic  s t a f f  were a l l  how ever ,  i n  
good h e a l t h .  I f  t h e y  had had u p p e r  r e s p i r a t o r y  i n f e c t i o n s ,  
w i t h  t h e  i n c r e a s e d  d i s s e m i n a t i o n  of  t h e  s e c r e t i o n s  o f  t h e  
u p p e r  r e s p i r a t o r y  t r a c t  which  would r e s u l t ,  one m ig h t  have 
f o u n d  some more c o n v i n c i n g  i n c i d e n t s  of s t a f f  t o  p a t i e n t  
i n f e c t i o n .
I f ,  a s  t h e  w r i t e r ' s  f i n d i n g s  s u g g e s t ,  p a t i e n t s  i n f e c t e d  
o t h e r  p a t i e n t s  w i t h  pneumococci ,  t h e  q u e s t i o n  a r i s e s  a s  t o
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how t h i s  i n f e c t i o n  to o k  p l a c e .  As was r e m a rk e d  i n  a  
p r e v i o u s  c h a p t e r ,  t h e  p a t i e n t s  were r a t h e r  f a r  a p a r t  f o r  
d i r e c t  d r o p l e t  i n f e c t i o n  t o  o c c u r .  They were n o t  i n  d i r e c t  
c o n t a c t  a l t h o u g h  some m e d ia t e  c o n t a c t  d i d  o c c u r  "by means o f  
t o y s  and t h e  n u r s e s 1 h a n d s  and u n i f o r m .  The r e m a i n i n g  
p o s s i b i l i t y  was t h a t  t h e  pneumococcus was t r a n s f e r r e d  from 
one p a t i e n t  t o  a n o t h e r  t h r o u g h  t h e  medium o f  t h e  f l o o r  d u s t  
and pneum ococc i  were fo u n d  i n  t h e  f l o o r  d u s t  on s e v e r a l  
o c c a s i o n s .  They were more f r e q u e n t l y  i s o l a t e d  when t h e r e  
was o v e rc r o w d in g  o f  t h e  p a t i e n t s  and t h u s  more p o s s i b l e  
s o u r c e s  o f  pneum ococc i  t o  i n f e c t  t h e  d u s t .  T r a n s f e r e n c e  
o f  pneum ococc i  by t h i s  v e h i c l e  would a c c o u n t  f o r  t h e  f a c t  
t h a t ,  on some o c c a s i o n s ,  t h e  p a t i e n t  presum ed t o  be t h e  
s o u r c e  o f  t h e  i n f e c t i n g  pneumococcus and t h e  p a t i e n t  
a c q u i r i n g  t h e  pneumococcus were s e p a r a t e d  by t h e  b r e a d t h  o f  
t h e  ward  o r  were  a c t u a l l y  i n  d i f f e r e n t  d i v i s i o n s  o f  t h e  
w a rd .
The pneumococcus i s  a  d e l i c a t e  o rg an ism  and one m ig h t  
p resum e  would n o t  s u r v i v e  a s  l o n g  i n  t h e  d u s t  a s  would 
S t r e p t o c o c c u s  p y o g e n e s ,  b u t  t h e  i n f o r m a t i o n  a l r e a d y  known 
a b o u t  t h i s  l a t t e r  o rg an ism  i n d i c a t e s  what p r o b a b l y  happens  
w i t h  t h e  pneumococcus.  (Thomas and van  den E n d e , 1941; 
W r i g h t ,  Cruickshank and Gunn, 1944). I n  t h e  f i r s t  p l a c e  
t h e  pneum ococe i  a re  p r o b a b l y  e x p e l l e d  i n  d r o p l e t s  by t h e  
p a t i e n t s .  Many o f  t h e  d r o p l e t s  f a l l  on b e d - c l o t h e s  an a  
f l o o r ,  where t h e y  d r y .  At t h e  t im e s  o f  bed  m aking  and f l o o r
sw e e p in g  t h e s e  p a r t i c l e s  a re  a g a i n  d i s p e r s e d  i n t o  t h e  a i r  
and a s  such  may he i n h a l e d  by o t h e r  p a t i e n t s .  F in e  d r o p l e t s ,  
however  may r e m a in  su sp en ded  f o r  some c o n s i d e r a b l e  t im e  (W el l  
and  W e l l s ,  1 9 3 6 ) ,  and may a l s o  be i n h a l e d  by some p e r s o n  a t  
some d i s t a n c e  from t h e  s o u r c e .  I n  a l l  p r o b a b i l i t y ,  what 
h a p p e n s  i n  t h e  c h i l d ' s  home i s  t h a t  d u s t  and d r o p l e t s  
c o n t a i n i n g  pneumococci  a r e  i n h a l e d  and lo d g e  i n  t h e  n ose  o r  
t h r o a t .  No i l l n e s s  o c c u r s  and ,  more and more t y p e s  of  
pneum ococc i  a r e  a c q u i r e d  u n t i l ,  by t h e  t im e  a d u l t  l i f e  i s  
r e a c h e d ,  a  c o n s i d e r a b l e  number o f  t h e  pneum ococca l  t y p e s  have 
b e e n  c a r r i e d  a t  one t im e  o r  a n o t h e r  ( S t r a k e r ,  H i l l  and L o v e l l  
1 9 3 9 ) .
I t  i s  o f  i n t e r e s t ,  a t  t h i s  p o i n t ,  t o  draw a t t e n t i o n  
a g a i n  t o  t h e  f i n d i n g s  o f  M e l in  ( 1 9 4 9 ) ,  who s t u d i e d  c h i l d r e n  
i n  a  r e s i d e n t i a l  n u r s e r y .  (See S e c t i o n  3;  C h a p te r  I ) .  He 
p re su m ed  t h a t  t h e  o c c u r r e n c e  o f  r e s p i r a t o r y  i n c i d e n t s  was 
due t o  t h e  a c q u i s i t i o n  o f  pneum ococc i .  There  was no su ch  
e v i d e n c e  i n  t h e  p r e s e n t  i n v e s t i g a t i o n  and a l t h o u g h  t h e r e  
were  a  few exam ples  o f  c l i n i c a l  r e l a p s e  o r  r e c r u d e s c e n c e  
o f  t e m p e r a t u r e ,  i n  none was t h e r e  a  new ty p e  o f  pneumococcus 
a c q u i r e d .  Unle s s  one had some a l l e r g y  t o  t h e  ty p e  o f  
pneumococcus a c q u i r e d ,  i t  would seem t h e n  t h a t  t h e  a c q u i r e d  
pneumococcus would rem a in  a s  an in n o cu o u s  i n h a b i t a n t  o f  t h e  
n a s o p h a r y n x  u n t i l  some o t h e r  f a c t o r  s h o u l d  c au se  downward 
s p r e a d  o f  t h e  o rgan ism  t o  t h e  e n d o t r a c h e a l  r e g i o n s .  These 
were t h e  f i n d i n g s  o f  B lake  and C e c i l  i n  1920,  w o rk in g  w i t h
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P h i l l i p i n e  monkeys.  Sm all  amounts o f  a v i r u l e n t  
p neum ococca l  c u l t u r e  i n j e c t e d  i n t r a t r a c h e a l l y  p ro d u c e d  a  
d i s e a s e  s i m i l a r  t o  l o b a r  pneumonia  w he rea s  s p r a y i n g  o f  l a r g e  
amounts  i n t o  t h e  n a s o p h a r y n x  f a i l e d  t o  p ro d u ce  t h e  d i s e a s e ,  
e v e n  a l t h o u g h  t h e  pneumococci  m ig h t  be c a r r i e d  f o r  some 
c o n s i d e r a b l e  t im e  i n  t h e  n a s o p h a r y n x .  The w r i t e r f s own 
i n v e s t i g a t i o n ,  i n  t h e  wards  f o r  t h e  t r e a t m e n t  o f  p a t i e n t s  
w i t h  m e a s l e s ,  f u r t h e r  c o n f i r m s  t h i s  a s s u m p t io n ,  s i n c e  
a l t h o u g h  pneum ococc i  were a c q u i r e d  f r e q u e n t l y  by t h e  
p a t i e n t s ,  t h e  a c q u i s i t i o n  d id  n o t  b r i n g  a b o u t  t h e  
d ev e lo p m e n t  o f  a  r e s p i r a t o r y  i n f e c t i o n  a s  a  c o m p l i c a t i o n  o f  
m e a s l e s .  A l th o u g h  p a t i e n t s  s u f f e r i n g  from m e a s l e s ,  a s  w e l l  
a s  t h o s e  s u f f e r i n g  from b r o n c h i t i s  or pneumonia  r e c e i v e d  
c h e m o th e ra p y ,  many o f  t h e  pneumococci  were a c q u i r e d  a f t e r  
t h e r a p y  had  b e en  d i s c o n t i n u e d  o r  were a c q u i r e d  by p a t i e n t s  
r e c e i v i n g  no c h em o th e rap y .  I n  such  p a t i e n t s ,  t h e  
p o s s i b i l i t y  o f  c h em o the rap y  h a v in g  a p r e v e n t i v e  a c t i o n  on 
t h e  deve lopm ent  o f  a  r e s p i r a t o r y  i n f e c t i o n ,  d i d  n o t  e x i s t .
* * * * * * *
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C r o s s - in f e e t io n  by the Pneumococcus, S tr e p to c o c c u s  
P yogenes, and S ta p h y loco ccu s  Aureus.
At t h i s  p o in t  one must d ig r e s s  to  c o n s id e r  th e  f in d in g s  
f o r  th e  o th er  two organism s, S tr e p to c o c c u s  pyogenes and 
S ta p h y lo co ccu s  a u reu s, fo r  th e y  d i f f e r  in  c o n s id e r a b le  
m easure from th e  pneumococcus. The a c q u i s i t i o n  o f  e i t h e r  
o f  t h e s e  two organism s was on o c c a s io n  a s s o c ia t e d  w ith  the  
o ccu rren ce  o f  i l l n e s s  on the  p art o f  the p a t i e n t .  In  
c o n t r a s t  to  what was found r e g a r d in g  the  pneumococcus th e r e  
was d e f i n i t e  e v id en ce  of members of s t a f f  i n f e c t i n g  p a t i e n t s .  
S tr e p to c o c c u s  pyogenes was r e a d i l y  acqu ired  by p a t i e n t s  and 
s t a f f  a f t e r  in t r o d u c t io n  in to  the  ward. S ta p h y lococcu s  
aureus was a cq u ired  by a la r g e  p r o p o r t io n  of the  p a t i e n t s  
and was the  organism  most f r e q u e n t ly  acq u ired . The w r i t e r ’ s  
f i n d i n g s  su g g e s t  th a t  in  the m a jo r ity  of in s t a n c e s  a member 
o f  s t a f f  i n f e c t e d  the  p a t i e n t  w ith  t h i s  organism . There 
was more or l e s s  c o n c lu s iv e  proof t h a t  th e  d u st  was th e  
v e h i c l e  o f  t r a n s fe r e n c e  of S tr ep to co c cu s  pyogenes and t h a t  
d u st  was seldom in v o lv e d  in  the tr a n s fe r e n c e  of  
S ta p h y lo co ccu s  aureus.
R egard ing th e  d i f f e r e n c e  in  th e  e a se  w ith  which, and 
th e  method by which th e s e  organism s were p assed  from one 
i n d i v i d u a l  to an o th er , an i n t e r e s t i n g  p o in t  was brought to  
l i g h t  by th e  w r i t e r ’ s i n v e s t i g a t i o n s .  The pneumococcus, 
S tr e p to c o c c u s  pyogenes and S tap h y loco ccu s  aureus each
1 2 b .
o c c u r r e d  i n  t h e  a n t e r i o r  n o s e ,  t h e  p o s t e r i o r  n o s e ,  and t h e  
t h r o a t  h u t  e a c h  had  i t s  s i t e  o f  e l e c t i o n .  The pneumococcus 
f a v o u r e d  t h e  p o s t e r i o r  n o s e ,  t h e  s t r e p t o c o c c u s  t h e  t h r o a t ,  
and t h e  s t a p h y l o c o c c u s  t h e  a n t e r i o r  n o s e .  The pneumococcus 
and t h e  s t a p h y l o c o c c u s  were  f r e q u e n t l y  fo u n d  i n  t h e  
a l t e r n a t i v e  n a s a l  s i t e  h u t  se ldom i n  t h e  t h r o a t .
That  t h e r e  was su ch  a d i f f e r e n c e  i n  t h e  b e h a v i o u r  o f  
t h e  t h r e e  o r g a n i s m s  m ust  have had  some h e a r i n g  on t h e  method 
o f  p a s s a g e  o f  t h e  o r g a n i s m s  from one i n d i v i d u a l  t o  a n o t h e r .
The pneumococcus and S t r e p t o c o c c u s  pyo g en es  were l e s s  
commonly a c q u i r e d  t h a n  was S t a p h y lo c o c c u s  a u r e u s .  The 
f o r m e r  two o r g a n i s m s ,  o c c u r r i n g  a s  t h e y  did i n  t h e  p o s t e r i o r  
n o se  and t h r o a t ,  c o u l d  o n ly  p a s s  t o  a n o t h e r  i n d i v i d u a l  hy 
d r o p l e t  i n f e c t i o n  o r  hy d r o p l e t  i n f e c t e d  d u s t .  U n l ik e  
v i r u s e s ,  b a c t e r i a  a r e  l e s s  c e r t a i n l y  t r a n s f e r r e d  hy t h i s  
m ethod  t h a n  hy c o n t a g i o n .  The l a t t e r  was t h e  p r o b a b l e  method 
o f  t r a n s f e r e n c e  o f  t h e  more f r e q u e n t l y  a c q u i r e d  S t a p h y lo c o c c u s  
a u r e u s .  The more h a r d y  n a t u r e  o f  S t r e p t o c o c c u s  pyogenes  
w ou ld  a l l o w  o f  i t s  p e r s i s t e n c e  i n  t h e  d u s t  w h e reas  t h e  
pneumococcus must  have f r e q u e n t l y  d i e d .  I n  t h i s  way a 
s t r e p t o c o c c u s  i n t r o d u c e d  i n t o  t h e  ward would s p r e a d  r a p i d l y  
and w i t h  more c e r t a i n t y  t h a n  a  pneumococcus.  That  t h i s  
m ig h t  have o c c u r r e d  i s  shown hy t h e  work i n  w ards  f o r  t h e  
cane  o f  p a t i e n t s  w i t h  m e a s l e s  o r  d i p h t h e r i a , ( A l l i s o n ,  1938; 
C r u i k s h a n k  and G-odber, 1939).
C o n ta g io n  i s  s u g g e s t e d  as  t h e  most  l i k e l y  m ethod  o f
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t r a n s fe r e n c e  o f  S ta p h y lo co ccu s  aureus because  o f  i t s  
f r e q u e n t  p resen ce  in  the  a n t e r io r  n o s e ,  which p a r t  i s  in  
c o n t a c t  w ith  the  f i n g e r s  o f  th e  in d iv id u a l  very  f r e q u e n t ly .
I t  was t h u s  a  v e r y  e a s y  p r o c e d u r e  f o r  a  member o f  t h e  
n u r s i n g  s t a f f  t o  i n f e c t  t h e  p a t i e n t  whom she was n u r s i n g .  
Hamburger and  Green (1946)  fo u n d  t h a t  c h r o n i c  d a n g e ro u s  
c a r r i e r s  o f  v i r u l e n t  s t r e p t o c o c c i  were o f t e n  heav y  a n t e r i o r  
n a s a l  r a t h e r  t h a n  h eavy  t h r o a t  c a r r i e r s .  The a n t e r i o r  nose  
was t h u s  a  p o t e n t i a l  d a n g e r  a s  a  so u rc e  o f  p a t h o g e n i c  
o r g a n i s m s  such  a s  S t a p h y lo c o c c u s  a u r e u s  a s  w e l l  a s  
S t r e p t o c o c c u s  p y o g e n e s .  The w r i t e r  a l s o  fo u n d  a  c o n s i d e r a b l e  
number o f  i n d i v i d u a l s  who were a n t e r i o r  n a s a l  c a r r i e r s  o f  t h e  
pneumococcus and i t  was p o s s i b l e  t h a t  a  member o f  s t a f f  
m ig h t  a l s o  have i n f e c t e d  a  p a t i e n t  w i t h  a  pneumococcus by 
d i r e c t  c o n t a c t .  S ince  t h e r e  were few c o n v i n c i n g  exam ples  o f  
s t a f f  t o  p a t i e n t  i n f e c t i o n ,  t h i s  c o u ld  n o t  have happened  
v e r y  f r e q u e n t l y .
* * * * * * *
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<3.) The p a r t  p l a y e d  by t h e  pneumococcus i n  t h e  
e t i o l o g y  o f  Pneumonia  a s  b a s e d  on t h e  W r i t e r ' s  
B a c t e r i o l o g i c a l  F i n d i n g s  f o r  t h e  P a t i e n t s  on 
A dm iss ion  t o  H o s p i t a l .
The w r i t e r  c o n s i d e r e d  t h a t  a l t h o u g h  t h e  numbers  i n v o l v e d  
were s m a l l ,  an a n a l y s i s  o f  t h e  i n i t i a l  b a c t e r i o l o g i c a l  
f i n d i n g s  o f  t h e  p a t i e n t s  a d m i t t e d  t o  t h e  v/ard , s u f f e r i n g  
f rom  b r o n c h i t i s  o r  pneumonia ,  m ig h t  e l u c i d a t e  some p o i n t s  
r e g a r d i n g  th e  p a r t  p l a y e d  by  t h e  pneumococcus i n  t h e  
e t i o l o g y  o f  b r o n c h i t i s  and pneumonia  i n  t h e  c h i l d .
F i r s t l y  t h e  w r i t e r  assumed t h a t  t h e  o r g a n i s m s  p r e s e n t  
i n  t h e  nose  and t h r o a t  were t h e  o rg a n i s m s  i n v o l v e d  i n  t h e  
pu lm o na ry  p a t h o l o g y .  The b a s i s  o f  such  an a s s u m p t io n  i s  
f o u n d  i n  t h e  work o f  B la c k lo c k  and G u th r i e  (1933)  who, i n  
a g re e m e n t  w i t h  work done by K e l l y  and G u ss in  ( 1 9 2 4 ) ,  S u t l i f f  
( 1 9 2 8 ) ,  P a r k  ( 1 9 3 0 ) ,  Plummer e t  a l .  (1930 and 1 9 3 1 ) ,  fo u n d  
t h a t  i n  85 p e r  c e n t  o f  c a s e s  t h e  t y p e  o f  pneumococcus 
i s o l a t e d  by a  t h r o a t  swabb ing  was i n  f a c t  t h e  c a u s a t i v e  
o rg a n i s m  o f  t h e  p a t h o g e n i c  p r o c e s s .  One m ig h t  c o n c lu d e  
f ro m  t h e i r  f i n d i n g s  t h a t  th e  same would a p p ly  f o r  o rg a n i s m s  
i n  t h e  t h r o a t  o t h e r  t h a n  t h e  pneumococcus,  s h o u l d  t h e y  be 
t h e  o r g a n i s m s  c a u s i n g  t h e  pneumonia .  B l a c k l o c k  and G u t h r i e  
a l s o  s u g g e s t  t h a t ,  s i n c e  t h e  h i g h e r  t y p e s  o f  pneumococcus 
were f r e q u e n t l y  found  a s  commensals i n  t h e  t h r o a t ,  
c o n f i r m a t i o n  o f  t h e i r  e t i o l o g i c a l  s i g n i f i c a n c e  be o b t a i n e d  
by  l u n g  p u n c tu r e  or  f rom a u to p s y  sp e c im en s .  The w r i t e r  d i d
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i n  f a c t  p e r fo rm  l u n g  p u n c t u r e s  on s e v e r a l  o f  t h e  p a t i e n t s  
w i t h  a lm o s t  u n i f o r m l y  u n s u c c e s s f u l  r e s u l t s .  The e x c e p t i o n  
was t h a t  of a p a t i e n t  who c a r r i e d  a type  5 pneumococcus i n  
t h e  p o s t e r i o r  nose  and from whom t h e  same t y p e  o f  
pneumococcus was i s o l a / t e d  by l u n g  p u n c t u r e .  The r e a s o n  f o r  
t h e  " s t e r i l e  l u n g  p u n c t u r e s "  o b t a i n e d  on o t h e r  o c c a s i o n s  
m ig h t  a r i s e  f rom t h e  f a c t  t h a t  t h o s e  p u n c t u r e s  were done 
a f t e r  ch em o th e rap y  had  been  commenced and a l s o  from t h e  f a c t  
t h a t  i t  was d i f f i c u l t  t o  be su re  t h a t  t h e  p u n c t u r e  was b e i n g  
made i n t o  a c t u a l  c o n s o l i d a t e d  l u n g  t i s s u e .
S t a p h y l o c o c c a l  pneumonia and empyema was r e c o g n i s e d  a s  
a  d i s t i n c t  e n t i t y  and t h e  two c a s e s  o f  t h i s  which  o c c u r r e d  
i n  t h e  w r i t e r f s s e r i e s  o f  p a t i e n t s  were c o n s i d e r e d  s e p a r a t e l y  
f rom  t h e  o t h e r s ,  t h e  e t i o l o g y  o f  which  t h e  w r i t e r  was t r y i n g  
t o  d e t e r m i n e .
When an a t t e m p t  was made t o  compare t h e  p r e s e n t  f i n d i n g s  
w i t h  t h o s e  o f  o t h e r  w r i t e r s ,  i t  was found  t h a t  n e a r l y  a l l  
r e p o r t e d  work t o o k  p l a c e  i n  t h e  days  b e f o r e  e f f i c i e n t  
c h e m o th e ra p y .  Many o f  t h e  pneumococci  i s o l a t e d  were  from 
empyema p us  o r  f rom a u to p s y  sp e c im en s .  T h is  i n d i c a t e d  a f a r  
more a d v anced  d i s e a s e  p r o c e s s  t h a n  t h e  w r i t e r  met  w i t h  i n  
t h e  p r e s e n t  s e r i e s  o f  p a t i e n t s .  The i n c i d e n c e  and ty p e  o f  
pneum o co cc i  i s o l a t e d  from t h o s e  a b o v e -m e n t io n e d  s o u r c e s  
can  n o t  be compared s a t i s f a c t o r i l y  w i th  t h e  i n c i d e n c e  and 
t y p e  o f  pneumococci  i s o l a t e d  from t h e  nose  and t h r o a t .
The f i n d i n g s  i n  t h e  l i t e r a t u r e  v a ry  c o n s i d e r a b l y  from
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c o u n t r y  t o  c o u n t r y  ( M o l l e r ,  1942 and Mj/rch, 1 9 4 3 ) ,  
e s p e c i a l l y  a s  r e g a r d s  t h e  p r e v a l e n t  t y p e s  o f  pneumococci  
i n  t h e  pneumonia  o f  c h i l d r e n .  The p r e v a l e n c e  o f  Type 14 
i s  n o t e d  i n  American s e r i e s  (T a b le  35) w h e rea s  t h i s  t y p e  
was se ldom i s o l a t e d  from th e  p a t i e n t s  s u f f e r i n g  from 
pneum onia  i n  Glasgow. ( G u t h r i e  and  Montgomery, 1 9 4 8 ) .  These 
w r i t e r s ,  i n  a g re em e n t  w i t h  t h e  e a r l i e r  w r i t e r  Hendry ( 1 9 4 2 ) ,  
fo u n d  t h a t  i n  Glasgow, Types 6 and 19 were t h e  most  
f r e q u e n t l y  i s o l a t e d .  These a l s o  were t h e  t y p e s  m ost  
f r e q u e n t l y  i s o l a t e d  f rom t h e  n o s e s  and t h r o a t s  o f  t h e  
w r i t e r 1s  p a t i e n t s .
Numerous w r i t e r s  have n o t e d  t h e ’ i n f l u e n c e  o f  t h e  age of 
t h e  c h i l d  s u f f e r i n g  from pneumonia ,  on t h e  t y p e  o f  
pneumococcus  i s o l a t e d .  Nemir,  Andrews and Y in o g ra d  (1936)  
i n  A m er ica ,  F r i e d e r i c h s e n  (1939) i n  Denmark and Montgomery 
and G u t h r i e  (1948)  i n  Glasgow found  d i f f e r e n t  p r e v a l e n t  
t y p e s  o f  pneumococci  i n  c h i l d r e n  o ve r  and i n  c h i l d r e n  u n d e r  
two y e a r s  o f  a g e .  S i m i l a r  age i n f l u e n c e  i n  t y p e  p r e v a l e n c e  
was n o t e d  i n  t h e  p r e s e n t  w r i t e r f s s e r i e s  o f  p a t i e n t s .  I n  
t h e  c h i l d  u n d e r  one y e a r  o f  age Type 23 occurred most  o f t e n ,  
w h e r e a s  i n  t h e  o l d e r  c h i l d ,  Type 6 was most  f r e q u e n t .  When 
Type I  o c c u r r e d ,  a s  i t  d id  on a few o c c a s i o n s  o n l y ,  t h e  
c h i l d  f rom  whom i t  was i s o l a t e d  was a lw ays  o v e r  one y e a r  i n  
a g e .
I t  i s  t h u s  o b v io u s  from t h e  p r e c e d i n g  p a r a g r a p h s  t h a t  
c o m p a r i s o n  o f  t h e  p r e s e n t  w r i t e r 1s b a c t e r i o l o g i c a l  f i n d i n g s ,
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w ith  th o se  o f  o th er  w r i t e r s  i s  ren dered  d i f f i c u l t  because  
o f  d i f f e r e n c e s  in  s e v e r a l  f a c t o r s ,  in c lu d in g ,  th e  age o f  
the  p a t i e n t ,  th e  s e v e r i t y  o f  th e  d i s e a s e  s u f f e r e d  and the  
c o u n try  in  which the  i n v e s t i g a t i o n  took  p l a c e .  In v iew  o f  
t h i s  and the  f a c t  t h a t  th e  pneumococcus i s  such a fre q u en t  
commensal in  the nose and th r o a t  o f  th e  h e a l th y  c h i l d ,  i t  
was c o n s id e r e d  t h a t  a more p r o f i t a b l e  source  o f  in fo r m a tio n  
would be th e  comparison o f  the  w r i t e r ' s  f i n d in g s  w ith  th o se  
f o r  h e a l th y  c h i ld r e n  o f  s im i la r  age t o  th e  p a t i e n t s .  In  
t h i s  way, one would have ev id en ce  a g a in s t  th e  acqu ired  
pneumococcus b e in g  a cause o f  th e  pneumonia i f  th e  pneumo­
c o c c a l  c a r r i e r  in c id e n c e  amongst h e a lth y  and amongst i l l  
c h i ld r e n  were s im i la r .
E x t e n s i v e  s t u d i e s  were done i n  1939 by S t r a k e r ,  H i l l  
and  L o v e l l ,  who foun d  a c o n s i d e r a b l e  v a r i a t i o n  i n  th e  
i n c i d e n c e  o f  pneumococci  from one h e a l t h y  community t o  
a n o t h e r  and a l s o  a c o n s i d e r a b l e  s e a s o n a l  v a r i a t i o n .
T h e r e fo r e ,  to  make a s a t i s f a c t o r y  comparison w ith  th e  
w r i t e r ' s  f in d in g s  a community s im i la r  to  t h a t  from which  
th e  p a t i e n t s  came, had to  be found and th e  s e a so n a l  in f lu e n c e  
had t o  be o b v ia te d .
F ig u r e s  fo r  h e a lth y  c a r r i e r s  o f  pneumococci are 
a v a i la b l e  from th e  l i t e r a t u r e ,  Glynn and Digby in  L iv e r p o o l ,  
( 1 9 2 3 ) ;  Park in  America ( 1 9 3 0 ) ;  Gundel in  Germany, ( 1 9 3 3 ) ;  
S tr a k e r ,  H i l l  and L o v e l l  in  E n g la n d ,( 1 9 3 9 ) ; and Guthrie  
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and t h e  a g e s  o f  t h e  i n d i v i d u a l s  exam ined  make t h e s e  f i n d i n g s  
u n s u i t a b l e  f o r  c o m p a r i s o n .  More r e c e n t l y  Mendez and L i k a r  
( 1 9 5 3 ) ,  r e p o r t e d  f i g u r e s  f o r  f a m i l i e s  i n  t h e  P a d d i n g t o n  a r e a .  
They fou n d  t h a t  38 p e r  c e n t  o f  c h i l d r e n  u n d e r  one y e a r  o f  
age and 40 p e r  c e n t  o f  t h o s e  o v e r  one y e a r  o f  ag e ,  c a r r i e d  
pneumococci  and t h e  t y p e s  i n  o r d e r  o f  f r e q u e n c y  w e re ;  6, 19 ,  
8 ,  14 ,  23 and 11 .  These r e s u l t s  a r e  more s u i t a b l e  f o r  
c o m p a r i s o n  w i t h  t h e  p r e s e n t  f i n d i n g s  t h a n  t h o s e  o f  t h e  
w r i t e r ^  m e n t io n e d  above ,  b u t  i n  p r e f e r e n c e  t o  them t h e  
f i n d i n g s  from  t h e  ’Baby f a m i l i e s ’ and 'Random f a m i l i e s '  
i n v e s t i g a t i o n s ,  d e s c r i b e d  i n  t h e  o p e n in g  s e c t i o n ,  w i l l  be 
u s e d .  The f o rm e r  m en t io n ed  i n v e s t i g a t i o n  was c a r r i e d  o u t  
c o n c u r r e n t l y  w i t h  t h e  w r i t e r ' s  i n v e s t i g a t i o n s ,  t h e  l a t t e r ,  
two y e a r s  p r e v i o u s l y .  The most i m p o r t a n t  f e a t u r e  a b o u t  
t h e s e  i n v e s t i g a t i o n s ,  i n  r e n d e r i n g  them s u i t a b l e  f o r  
c o m p a r a t i v e  p u r p o s e s ,  was t h a t  t h e  h e a l t h y  c h i l d r e n  
exam ined ,  l i v e d  i n  a  s i m i l a r  f a m i ly  en v i ro n m en t  to  t h a t  
f rom  which  t h e  h o s p i t a l  p a t i e n t s  came and sh o u ld  t h e r e f o r e  
p r o v i d e  an i n d i c a t i o n  o f  t h e  b a c t e r i a l  e n v i ro n m en t  o f  t h e  
p a t i e n t s  b e f o r e  t h e y  became i l l .
As o n l y  th e  p o s t e r i o r  nose  and t h e  t h r o a t  o f  t h e  
h e a l t h y  c h i l d r e n  were swabbed th e  v / r i t e r ' s  a n t e r i o r  nose  
f i n d i n g s  have  been  e x c lu d e d  f o r  th e  p u r p o s e s  o f  c o m p a r i s o n .
I t  w i l l  be n o t e d  from t h e  t a b l e s ,  t h a t ,  u n f o r t u n a t e l y ,  none 
o f  t h e  c h i l d r e n  of  t h e  'Baby f a m i l i e s '  were aged  u n d e r  one 
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t o  t h e  work o f  Mendez and L i k a r  (1953)  f i n d s  t h a t  t h e  
pneum ococca l  c a r r i e r  i n c i d e n c e  i n  c h i l d r e n  u n d e r  one y e a r  
and i n  t h o s e  aged  b e tw ee n  one and f i v e  y e a r s  were v i r t u a l l y  
t h e  same.
Pneumococci  were i s o l a t e d  from  6 1 .5  p e r  c e n t  o f  t h e  
p a t i e n t s ,  f ro m  55 p e r  c e n t  o f  th e  c h i l d r e n  o f  t h e  'Baby 
f a m i l i e s '  and f rom 6 5 .7  p e r  c e n t  of  t h e  c h i l d r e n  o f  t h e  
'R a n d o m - f a m i l i e s ' .  T here  was no d i f f e r e n c e  i n  t h e  
i s o l a t i o n  r a t e s  f o r  S t a p h y lo c o c c u s  a u r e u s  f rom  t h e  t h r e e  
g r o u p s ,  b u t  S t r e p t o c o c c u s  p yogenes  was i s o l a t e d  more 
f r e q u e n t l y  f rom  t h e  h e a l t h y  c h i l d r e n  t h a n  f rom  t h e  c h i l d r e n  
w i t h  a  r e s p i r a t o r y  i n f e c t i o n ,  b u t  n o t  a s  f r e q u e n t l y  a s  f rom  
t h e  g ro u p  o f  25 p a t i e n t s  w i t h  o t h e r  c o n d i t i o n s .  The 
d i f f e r e n c e  b e tw ee n  t h e  p e r c e n t a g e  o f  p a t i e n t s  and t h a t  o f  
e i t h e r  g ro u p  o f  h e a l t h y  c h i l d r e n ,  who c a r r i e d  p neum ococc i ,  
i s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .
f rom a l l  g r o u p s  o f  i n d i v i d u a l s ,  a d u l t  and c h i l d ,  
pneum ococc i  o f  t y p e s  6, 19 and 23, were t h e  most  f r e q u e n t l y  
i s o l a t e d .  Types 6 and 23 were more f r e q u e n t l y  i s o l a t e d  
t h a n  t y p e  19 f rom  t h e  p a t i e n t s ,  w h e re a s ,  f rom t h e  h e a l t h y  
c h i l d r e n ,  t y p e s  6 and 19 were more f r e q u e n t l y  i s o l a t e d  t h a n  
t y p e  23.  No s i g n i f i c a n c e  i s  a t t a c h e d  t o  t h i s  d i f f e r e n c e  
s i n c e  i n  p a t i e n t s  u n d e r  one y e a r  of ag e ,  ty p e  23 was more 
common t h a n  ty p e  6, w he reas  i n  p a t i e n t s  o v e r  one y e a r  o f  
age t y p e  6 was more common t h a n  t y p e  23. The t y p e  
p r e v a l e n c e  v/as s i m i l a r  f o r  t h e  a d u l t ,  t h e  a d o l e s c e n t  and
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t h e  c h i l d  members o f  t h e  'Baby F a m i l i e s ' .
Type 1 o c c u r r e d  o n ly  i n  p a t i e n t s .  Type 21,  a l t h o u g h  
o n ly  a c c o u n t i n g  f o r  .7  p e r  c e n t  o f  a l l  t y p e s  i s o l a t e d  from 
a l l  members o f  t h e  'Baby F a m i l i e s ' ,  was r e s p o n s i b l e  f o r  4 .9  
p e r  c e n t  o f  t h e  i s o l a t i o n s  f rom t h e  p a t i e n t s  i f  one e x c l u d e s  
t h e  a n t e r i o r  nose  f i n d i n g s .  Type 1 and ty p e  21 were t h u s  
t h e  o n ly  two t y p e s  o f  pneumococci  which  a p p e a r e d  t o  be 
p a t h o g e n i c  i n  t h e  pneumonia  o f  young  c h i l d r e n  and t h e y  
a c c o u n te d  f o r  o n ly  a few i n s t a n c e s .
As was p r e v i o u s l y  s t a t e d ,  t h e  s u b j e c t s  examined i n  t h e  
'Baby Families' i n v e s t i g a t i o n  were a l l  aged o v e r  one y e a r .
The pneum ococcal  c a r r i e r  i n c i d e n c e  amongst  p a t i e n t s  
s u f f e r i n g  from e i t h e r  b r o n c h i t i s  o r  pneumonia  who were aged  
o v e r  one y e a r  was 7 2 .1  p e r  c e n t  ( a n t e r i o r  nose  f i n d i n g s  
e x c l u d e d ) ,  and t h i s  i s  c o n s i d e r a b l y  h i g h e r  t h a n  55 p e r  c e n t ,  
t h e  c o r r e s p o n d i n g  i n c i d e n c e  amongst  h e a l t h y  c h i l d r e n .  The 
d i f f e r e n c e  i s ,  however ,  n o t  q u i t e  s t a t i s t i c a l l y  s i g n i f i c a n t  
b u t  i s  a t  l e a s t  s u g g e s t i v e  o f  a c o r r e l a t i o n  b e tw een  t h e  
p neum ococca l  c a r r i e r  i n c i d e n c e  and t h e  o c c u r r e n c e  o f  
b r o n c h i t i s  o r  pneumonia .  Fo r  t h e  p a t i e n t s  u n d e r  one y e a r  
o f  age t h e  pneum ococca l  c a r r i e r  i n c i d e n c e  was 5 4 .1  p e r  
c e n t .  I f  one,  however ,  c o n s i d e r s  s e p a r a t e l y  p a t i e n t s  
s u f f e r i n g  from bronchopneum onia  and t h o s e  . s u f f e r i n g  from a 
s e g m e n ta l  o r  l o b a r  pneumonia  and compares  t h e  pneum ococca l  
c a r r i e r  i n c i d e n c e  i n  t h e s e  two g r o u p s ,  5 1 .4  p e r  c e n t  and 
8 4 . 4  p e r  c e n t  r e s p e c t i v e l y ,  w i t h  tha/ t  i n  hes , l t l iy  c h i l d r e n ,
1 35 .
55 p e r  c e n t ,  one f i n d s  t h a t  i t  was t h o s e  p a t i e n t s  w i t h  a 
s e g m e n ta l  o r  l o b a r  pneumonia  who had a h i g h e r  pneum ococca l  
c a r r i e r  i n c i d e n c e  t h a n  d i d  h e a l t h y  c h i l d r e n .  The d i f f e r e n c e  
i s  s t a t i s t i c a l l y  s i g n i f i c a n t .  I t  was t h e s e  l a t t e r  p a t i e n t s  
who were m a in ly  aged  o v e r  one y e a r  and t h u s  a c c o u n te d  f o r  
t h e  h i g h e r  c a r r i e r  i n c i d e n c e  i n  p a t i e n t s  o v e r  one y e a r .
To sum m arise ,  i t  was o n ly  when p a t i e n t s  w i t h  a 
s e g m e n ta l  o r  l o b a r  pneumonia  were c o n s i d e r e d ,  t h a t  any 
s i g n i f i c a n t  d i f f e r e n c e  was fou n d  be tw een  t h e  pneum ococca l  
c a r r i e r  i n c i d e n c e  amongst  p a t i e n t s  s u f f e r i n g  from pneumonia  
and t h a t  amongst  h e a l t h y  c h i l d r e n .  The o n ly  pneumococcal  
t y p e s  w hich  a p p e a re d  t o  be o f  p a r t i c u l a r  p a t h o g e n i c i t y  f o r  
p a t i e n t s  were Type 1 ,  which  i s  one o f  t h e  p a th o g e n s  o f  
pneum onia  i n  a d u l t s ,  and Type 21,  v/hich a c c o u n te d  f o r  o n ly  
a  few  i n s t a n c e s .
* * * * * * *
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C h a p te r  2.
• G-eneral C o n c l u s i o n s  r e g a r d i n g  t h e  E t i o l o g y  
q£ Pneumonia  and B r o n c h i t i s  i n  t h e  I n f a n t  and .young C h i l d .
On t h e  e v id e n c e  g a i n e d  f rom t h e  i n v e s t i g a t i o n s  t h e r e  i s  
l i t t l e  r e a s o n  t o  "bel ieve t h a t  e i t h e r  b r o n c h i t i s  o r  pneumonia  
i n  t h e  i n f a n t  u n d e r  one y e a r  o f  age i s  due t o  an exogenous  
i n f e c t i o n  by a  p a t h o g e n i c  t y p e  o f  pneumococcus .  T h is  s t a t e m e n t  
i s  made b e c a u s e  ( a )  t h e  r a t e s  o f  i s o l a t i o n  o f  pneumococci  and 
o f  t h e  v a r i o u s  t y p e s  t a k e n  i n d i v i d u a l l y ,  from t h e  n o s e s  and 
t h r o a t s  o f  p a t i e n t s  and o f  h e a l t h y  c h i l d r e n ,  were s i m i l a r ;
a  c o n s i d e r a b l e  p e r c e n t a g e  o f  p a t i e n t s  s u f f e r i n g  from 
b r o n c h i t i s  o r  pneumonia  d id  n o t  c a r r y  pneumococci  i n  t h e i r  
n o s e s  o r  t h r o a t s yand ( c )  t h e  a c q u i s i t i o n  o f  s i m i l a r  t y p e s  
o f  pneum ococc i  t o  t h o s e  i s o l a t e d  from p a t i e n t s  on a d m i s s io n ,  
o c c u r r e d  f r e q u e n t l y  d u r i n g  th e  i n v e s t i g a t i o n  and was n o t  
a s s o c i a t e d  w i t h  r e s p i r a t o r y  i l l n e s s .
In  t h e  c h i l d  o ve r  one y e a r  o f  age t h e r e  was some 
e v id e n c e  t h a t  t h e  r e s p i r a t o r y  i l l n e s s  m ig h t  be due i n  some 
i n s t a n c e s  t o  t h e  a c q u i s i t i o n  o f  a  pneumococcus o f  a  ty p e  
common i n  t h e  g e n e r a l  p o p u l a t i o n ,  and n o t  u s u a l l y  p a t h o g e n i c .  
S u g g e s t i n g  t h i s  was t h e  i n c r e a s e d  f r e q u e n c y  o f  i s o l a t i o n  o f  
p neum ococc i  from t h e s e  c h i l d r e n  compered w i t h  t h a t  f rom 
h e a l t h y  c h i l d r e n ,  and a l s o  t h e  x - r a y  a p p e a ra n c e  which was 
somewhat r e m i n i s c e n t  o f  t h a t  found  i n  t h e  pneum ococca l  
pneum onia  o f  t h e  a d u l t .  T h is  su rm ise  may, however ,  be
1 3 7 .
e r r o n e o u s  f o r  two p o s s i b l e  r e a s o n s .  F i r s t l y ,  t h e  i n c r e a s e  
i n  c a r r i e r  r a t e  may o n ly  have been  t h e  r e s u l t  o f  t h e  
r e s p i r a t o r y  i n f e c t i o n  c a u s i n g  an i n c r e a s e  i n  t h e  number o f  
pneum ococc i  p r e s e n t  i n  t h e  nose  and t h r o a t ,  and t h u s  
r e n d e r i n g  t h e  i s o l a t i o n  o f  pneumococci  from a  nose  o r  t h r o a t  
swab, t h e  more l i k e l y .  S e c o n d ly ,  t h o s e  t y p e s  o f  pneumococci  
w h ich  one i s  p r e s u m in g  vrere a c q u i r e d  by t h e  p a t i e n t s  were 
a l s o  c a r r i e d  by  h e a l t h y  c h i l d r e n  and were f r e q u e n t l y  a c q u i r e d  
by  o t h e r  c h i l d r e n  w h i l e  i n  h o s p i t a l ,  w i t h o u t  t h e  dev e lo pm en t  
o f  i l l n e s s .
The f o r e g o i n g  s t a t e m e n t s  make one wonder r e g a r d i n g  
s e v e r a l  p o i n t s .  F i r s t l y ,  i f  i n  some o l d e r  c h i l d r e n ,  t h e  
p a t h o g e n i c  o rg an ism  o f  t h e  b r o n c h i t i s  o r  t h e  pneumonia ,  was 
a  new ly  a c q u i r e d  pneumococcus,  one wonders  why t h i s  o rg an ism  
s h o u l d  have  been  p a t h o g e n i c  t o  one c h i l d  and n o t  t o  a n o t h e r .  
S e c o n d ly ,  i n  t h e  c h i l d  u n d e r  one y e a r  o f  a ge ,  one wonders  
why o rg an ism s  a l r e a d y  p r e s e n t  i n  t h e  nose  and t h r o a t  s h o u ld  
s u d d e n ly  become p a t h o g e n i c .
.The f o rm e r  q u e s t i o n  a l s o ,  o f  c o u r s e ,  a p p l i e s  t o  
pneum onia  o c c u r r i n g  i n  t h e  a d u l t ,  s i n c e  some i n d i v i d u a l s  may 
a c q u i r e  a ty p e  1 o r  a  ty p e  2 pneumococcus and d e v e lo p  
pneum onia  w h e reas  o t h e r  c o n t a c t s  may c a r r y  t h e s e  t y p e s  and 
d e v e lo p  no i l l n e s s .  One u s u a l l y  f i n d s ,  however ,  t h a t  when a 
t y p e  1 o r  a ty p e  2 pneumococcus i s  i n t r o d u c e d  i n t o  a  sm a l l  
community  on ly  one i n d i v i d u a l  w i l l  d e v e lo p  pneumonia  b u t  
t h a t  t h e  i n c i d e n c e  o f  u p p e r  r e s p i r a t o r y  i l l n e s s  amongst  t h e
T h is  a s s o c i a t i o n  w i t h  an u p p e r  r e s p i r a t o r y  i n f e c t i o n  i s  
i m p o r t a n t  h u t  i t  a l s o  seems t o  he e s s e n t i a l  t h a t  t h e r e  s h o u ld  
e x i s t  an  e s p e c i a l  s u s c e p t i b i l i t y  o f  t h e  i n d i v i d u a l  h i m s e l f  
b e f o r e  t h e  a c q u i r e d  pneumococcus w i l l  c a u s e  pneumonia .  I t  
i s  v e r y  l i k e l y  t h a t  a l l e r g y  p l a y s  a c o n s i d e r a b l e  p a r t  i n  t h e  
d e v e lo p m e n t  of  t h i s  s u s c e p t i b i l i t y .  I t  i s  a l s o  p o s s i b l e  t h a t  
t h e  same may o c c u r  i n  t h e  c h i l d  who h a s  become a l l e r g i c  t o  a  
c e r t a i n  ty p e  o f  pneumococcus which  may have  c a u se d  some 
p r e v i o u s  i n f e c t i o n .  The p r e s e n c e  of an u p p e r  r e s p i r a t o r y  
i n f e c t i o n  i n  t h e  f a m i l y  may p r e d i s p o s e  to  th e  o v e rg ro w th  o f  
pneum ococc i  i n  t h e  nose  and t h r o a t  and t h e r e b y  i n c r e a s e  t h e  
e a s e  o f  p a s s a g e  o f  a  pneumococcus from one i n d i v i d u a l  to  
a n o t h e r .  The p a t i e n t  may a c q u i r e  t h e  pneumococcus and th e  
u p p e r  r e s p i r a t o r y  i n f e c t i o n ,  a l r e a d y  p r e s e n t ,  may p r e d i s p o s e  
t o  t h e  o r g a n i s m  s p r e a d i n g  downwards a lo n g  th e  r e s p i r a t o r y  
t r a c t .  An a l l e r g i c  r e s p o n s e  may l e a d  t o  th e  deve lopm ent  of 
pneumonia  due t o  t h e  a c q u i r e d  pneumococcus.  A l t e r n a t i v e l y ,  
t h e  p a t i e n t  may a c q u i r e  t h e  pneumo coccus  and b e c a u se  of  t h e  
c o n c o m i t a n t  u p p e r  r e s p i r a t o r y  i n f e c t i o n ,  may a s p i r a t e  
c a t a r r h a l  d i s c h a r g e ,  i n f e c t e d  w i th  t h e  pneumococcus,  and 
t h e r e b y  d e v e lo p  pneumonia.
A l th o u g h  t y p e s  I  and 2 a c c o u n t  f o r  t h e  m a j o r i t y  of 
p n e u m ococca l  pneumonias i n  t h e  a d u l t ,  t h e y  a r e  se ldom 
a s s o c i a t e d  w i t h  pneumonia i n  th e  c h i l d .  This  may be due t o  
t h e  g r e a t e r  v i r u l e n c e  of  ty p e  I  and ty p e  2 f o r  th e  a d u l t  
t h a n  f o r  the  c h i l d .  On th e  o t h e r  hand,  t h e  w r i t e r  found
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t h a t  t y p e  21 was th e  on ly  ty p e  which seemed t o  he 
s p e c i f i c a l l y  p a th o g e n ic  f o r  th e  young c h i l d .  Types I  and 
2 were however a l s o  i s o l a t e d  f ro m  th e  p a t i e n t s  on a  few 
o c c a s i o n s .  I t  i s  o f  i n t e r e s t  t h a t  th e  one p a t i e n t  i n  t h e  
w r i t e r ' s  s e r i e s  who s u f f e r e d  f rom  pneumonia  due t o  a t y p e  
2 pneumococcus,  i n f e c t e d  t h e  p a t i e n t  i n  the  a d j a c e n t  c o t  
w i t h  t h e  o rg a n i s m .  F u r t h e r m o r e ,  t h e  o rg an ism  was a l s o  
p r e s e n t  i n  two d u s t  sam p les ,  t a k e n  f rom  t h e  v i c i n i t y  o f  t h e  
p a t i e n t .  T h is  i s  r e m a r k a b le  c o n s i d e r i n g  t h e  more f r e q u e n t  
i s o l a t i o n  f rom  th e  p a t i e n t s  o f  o t h e r  t y p e s  of  pneumococci  
w h ich  were se ldom  found  i n  t h e  f l o o r  d u s t .  I t  r a t h e r  
s u g g e s t s  t h a t  t h e  i n c r e a s e d  v i r u l e n c e  o f  t y p e  I  and ty p e  2 
pneum ococc i  i s  i n  some way a s s o c i a t e d  w i t h  an i n c r e a s e  i n  
t h e  a b i l i t y  o f  th e  o rg an ism s  t o  'w i th s ta n d  th e  u n f a v o u r a b l e  
c o n d i t i o n s  i n  t h e  d u s t  and t h e r e f o r e  t o  p e r s i s t  l o n g e r  and 
h ave  more o p p o r t u n i t y  o f  i n f e c t i n g  o t h e r  i n d i v i d u a l s .
In  th e  i n f a n t  u n d e r  one y e a r  and a l s o  i n  th e  o l d e r  
c h i l d  whose i n f e c t i o n  i s  endogenous and n o t  a c q u i r e d ,  t h e  
f a c t o r s  which  i n i t i a t e  t h e  p a t h o g e n i c i t y  of  th e  h i g h e r  
t y p e s  o f  pneumococci  p r e s e n t  i n  t h e  nose  and t h r o a t ,  may be 
p e c u l i a r  t o  t h e  en v iro n m en t  o f  th e  c h i l d .  What seems more 
l i k e l y  i s  t h a t  t h e r e  i s  some f a c t o r  which causes damage t o  
t h e  mucous membrane o f  the  u p p e r  r e s p i r a t o r y  t r a c t ,  and 
t h u s  e n c o u r a g e s  t h e  i n c r e a s e d  c o l o n i s a t i o n  o f  t h e  
r e s p i r a t o r y  t r a c t  by t h e  o rg an ism s  p r e s e n t  i n  t h e  n ose  and 
t h r o a t  and t h e i r  downward s p r e a d  to  t h e  e n d o t r a c h e a l  r e g i o n .
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The i n c r e a s e  i n  c o l o n i s a t i o n  may g i v e  r i s e  t o  t h e  
i m p r e s s i o n ,  which  t h e  w r i t e r  h ad ,  o f  i n c r e a s e  i n  the  
number o f  pneumococci  p r e s e n t  i n  th e  n ose  and t h r o a t .  
F u r t h e r m o r e ,  t h e  anatomy o f  th e  r e s p i r a t o r y  t r a c t  o f  t h e  
c h i l d  i s  such a s  t o  f a c i l i t a t e  th e  downward s p r e a d  of 
i n f e c t i o n .  ( B l a c k lo c k  and G u t h r i e ,  1 9 3 3 ) .  I t  seems 
p o s s i b l e  t h a t  t h i s  unknown damaging f a c t o r  i s  v i r a l  i n  
n a t u r e  and p e r h a p s  s i m i l a r  t o  t h e  common c o ld  o r  i n f l u e n z a  
v i r u s .
I n  c o n n e c t i o n  w i t h  t h i s  t h e o r y  one m ig h t  m en t io n  t h e  
r e s u l t s  o f  sw abb ing  th e  c o n t a c t s  of  t h e  p a t i e n t s  i n  t h i s  
i n v e s t i g a t i o n  who s u f f e r e d  from  b r o n c h i t i s  o r  pneumonia.  
These  were  r e p o r t e d  by Anderson (1 9 5 3 ) .  C o n t a c t s ,  i n  t h e  
a d u l t  age g r o u p ,  had a h i g h e r  pneumococcal  c a r r i e r  r a t e  
t h a n  d id  a d u l t  members o f  th e  g e n e r a l  p o p u l a t i o n .  The 
i n c r e a s e  was n o t  due t o  t h e  homologous t y p e  i s o l a t e d  from 
t h e  p a t i e n t .  F u r th e r m o r e ,  t h e  i n c i d e n c e  o f  non-pneumonic  
u p p e r  r e s p i r a t o r y  i n f e c t i o n  was h i g h  amongst  t h e s e  c o n t a c t s .  
A nderson  s u g g e s t s  t h a t  a c u t e  r e s p i r a t o r y  i n f e c t i o n  i n  t h e  
o l d e r  members o f  th e  f a m i l y  l e a d s  to  an  i n c r e a s e  i n  th e  
number o f  pneumococci  i n  th e  r e s p i r a t o r y  t r a c t  and 
t h e r e f o r e  to  an i n c r e a s e d  ' d o s e '  o f  o rg an ism s  to  th e  
i n f a n t  who d e v e lo p s  pneumonia.  There i s  however ,  a n o t h e r  
p o s s i b i l i t y ,  t h a t  the  same a c u t e  u p p e r  r e s p i r a t o r y  
i n f e c t i o n  a f f e c t s  t h e  i n f a n t ,  damages th e  mucous membrane 
and l e a d s ,  by v i r t u e  o f  the  anatomy o f  the  i n f a n t ' s
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r e s p i r a t o r y  t r a c t  t o  i n c r e a s e d  c o l o n i s a t i o n  o f  t h e  mucous 
membrane by t h e  pneumococci  and o t h e r  o r g a n i s m s  a l r e a d y  
p r e s e n t  i n  t h e  nose  and t h r o a t .  Once th e  pneumococci  o r  
o t h e r  o rg a n is m s  became e n d o t r a c h e a l ,  t h e y  c o u ld  e a s i l y  go 
on t o  p ro d u ce  b r o n c h i t i s ,  b r o n c h i o l i t i s  o r  pneum onia .
I n  t h e  r e p o r t  by  landsm an  (1953) on t h e  'Baby F a m i l i e s ’ 
i t  i s  shown t h a t  t h e  newborn b a b i e s  a c q u i r e d  pneum ococc i ,  
p r e s u m a b ly  from t h e  o l d e r  members o f  t h e  f a m i l y ,  and 
a l t h o u g h  t h o s e  b a b i e s  were s u b j e c t e d  t o  c o n d i t i o n s  o f  o v e r ­
c ro w d in g  and u n d e r - n u t r i t i o n ,  r e s p i r a t o r y  i n f e c t i o n  d i d  n o t  
d e v e lo p  i n  a  l a r g e  number. T h is  f i n d i n g  does  much t o  
d i s p r o v e  t h e  u s u a l  t h e o r i e s  t h a t  s o c i a l  and e n v i r o n m e n t a l  
f a c t o r s  a r e  o f  c o n s i d e r a b l e ,  i f  n o t  pr ime i m p o r t a n c e ,  i n  
t h e  e t i o l o g y  o f  pneumonia  i n  i n f a n t s  and young  c h i l d r e n .
When an u p p e r  r e s p i r a t o r y  i n f e c t i o n  i s  i n t r o d u c e d  i n t o  an 
o v e rc ro w d e d  f a m i l y ,  i n  p oo r  c o n d i t i o n s ,  i t  i s  l i k e l y  t h a t  
t h e  i n f e c t i o n  i s  more l i a b l e  t o  s p r e a d  t o  a l l  members 
i n c l u d i n g  t h e  i n f a n t ,  who may s u b s e q u e n t l y  d e v e lo p  pneumonia .
F i n a l l y ,  t h e  im p o r ta n c e  din a l l  age g r o u p s ,  o f  
a s p i r a t i o n  a s  t h e  cau se  o f  pneumonia  o f  an a t y p i c a l  c h a r a c t e r  
i s  b e i n g  r e a l i s e d .  M a r s h a l l  and P e r r y ,  ( 1 9 5 2 ) ,  a s  m en t io n ed  
b e f o r e ,  have s u g g e s t e d  t h a t  t h e  pneumonia  a s s o c i a t e d  w i t h  
t h e  h i g h e r  t y p e s  o f  pneumococci  i n  t h e  a d u l t  i s  o f t e n  
acco m p an ied  ra-dio l o g i c  a l l y  by a d i f f u s e  l o b u l a r  p i c u u r e ,  
l i k e l y  t o  be due t o  t h e  a s j ) i r a t i o n  oi  i n f e c t e d  m a t e r i a l ,  
rphe w r i t e r  ha s  s u g g e s t e d  i n  t h e  p r e v i o u s  p a r a g r a p h s  thcxt o,n
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u p p e r  r e s p i r a t o r y  i n f e c t i o n  damages t h e  mucous membrane 
and a l l o w s  a dovmward c o l o n i s a t i o n  by t h e  o rg a n is m s  
a l r e a d y  p r e s e n t  i n  t h e  nose  and t h r o a t .  The w r i t e r  i s  
o f  t h e  o p i n io n  t h a t ,  r a t h e r  t h a n ,  o r  a s  w e l l  a s ,  
c o l o n i s a t i o n ,  t h e r e  may be an a s p i r a t i o n  i n t o  t h e  lo w e r  
a i r  p a s s a g e s  o f  t h e  i n f e c t e d  d i s c h a r g e  i n  t h e  nose  and 
t h r o a t ,  w h i l e  t h e  young c h i l d  i s  a s l e e p .  The i n f l u e n c e  
n o t e d  by o t h e r  w r i t e r s  o f  p o o r  e n v i ro n m e n t  may be due t o  
t h e  f a c t  t h a t  t h e  c h i l d  o f  t h e  b e t t e r  c l a s s  home who i s  
h a v i n g  c o n s t a n t  c a r e  and a t t e n t i o n ,  h a s  l e s s  chance  o f  
a s p i r a t i n g  t h i s  i n f e c t e d  d i s c h a r g e .
* * * * * * *
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SUMMARY OP THE WRITER'S FINDINGS
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Summary o f  t h e  W r i t e r ' s  F i n d i n g s .
( 1 )  Amongst i n f a n t s  and c h i l d r e n ,  i n  an open ward ,
c r o s s  i n f e c t i o n  by pneumococci  o c c u r r e d  f r e q u e n t l y .
I t  d id  n o t  c o n s t i t u t e  a  d a n g e r  t o  t h e  c h i l d r e n  and 
d i d  n o t  l e a d  t o  r e s p i r a t o r y  c o m p l i c a t i o n s .  I t  d i d  
n o t  l e a d  <to any l e n g t h e n i n g  o f  t h e  p e r i o d  i n  h o s p i t a l  
a s  may o c c u r  w i t h  c r o s s  i n f e c t i o n  by S t r e p t o c o c c u s  
p yo g en es  o r  S t a p h y lo c o c c u s  a u r e u s .  The w r i t e r  d i d  
n o t  f i n d  any c l i n i c a l  e v id e n c e  t o  s u g g e s t  t h a t  e i t h e r  
a  newly a c q u i r e d  r e s p i r a t o r y  i n f e c t i o n  o r  a 
r e c r u d e s c e n c e  o f  t h e  o r i g i n a l  r e s p i r a t o r y  i n f e c t i o n  
was a s s o c i a t e d  w i t h  t h e  a c q u i s i t i o n  o f  a  pneumococcus.
( 2 )  A c q u i re d  i n f e c t i o n s  w i th  S t r e p t o c o c c u s  pyogenes  o r
S t a p h y lo c o c c u s  a u r e u s  were f r e q u e n t l y  fo u nd  amongst  
c h i l d r e n  i n  t h e  open ward .  A l th ou g h  i n  t h e  m a j o r i t y  
o f  i n s t a n c e s  t h e r e  was no c l i n i c a l  u p s e t ,  i n  a 
d e f i n i t e  p r o p o r t i o n  i l l n e s s  was c a u s e d  by t h e  
a c q u i s i t i o n  o f  e i t h e r  o f  t h e s e  o rg a n i s m s .  
S t a p h y lo c o c c u s  a u r e u s  was t h e  o rgan ism  most f r e q u e n t l y  
a c q u i r e d  by p a t i e n t s  w h i l e  i n  h o s p i t a l .
( 3 )  The w r i t e r  fo u nd  e v id e n c e  t h a t  S t r e p t o c o c c u s  p yogenes  
was t r a n s f e r r e d  from i n d i v i d u a l  t o  i n d i v i d u a l  t h r o u g h  
t h e  medium o f  t h e  f l o o r  d u s t .  I n  a l l  p r o b a b i l i t y ,  
t h i s  was th e  method o f  t r a n s f e r e n c e ,  i n  t h e  m a j o r i t y  
i f  i n s t a n c e s .
(4 )  The w r i t e r  found  e v id e n c e  t o  s u g g e s t  t h a t  t h e  pneumo-
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c o cc u s  was t r a n s f e r r e d  by means o f  t h e  f l o o r  d u s t .  
D i r e c t  d r o p l e t  i n f e c t i o n ,  however ,  c o u ld  n o t  a lw ay s  
be e x c lu d e d .
(5 )  There was no e v id e n c e  t o  s u g g e s t  t h a t  S t a p h y lo c o c c u s  
a u r e u s  was t r a n s f e r r e d  by f l o o r  d u s t .  The w r i t e r ' s  
f i n d i n g s  s u g g e s t e d  d i r e c t  o r  m e d ia t e  c o n t a c t  a s  t h e  
method o f  t r a n s f e r e n c e .
(6 )  I t  i s  s u g g e s t e d  t h a t  t h e  d i f f e r e n t  m ethods  o f  
t r a n s f e r e n c e  o f  t h e s e  t h r e e  o rg a n i s m s  w e re ,  t o  some 
e x t e n t ,  due t o  t h e  f a c t  t h a t  each  o rg an ism  o c c u r r e d  
p a r t i c u l a r l y  i n  one p a r t  o f  t h e  nose  o r  t h r o a t .  
Organisms such  a s  t h e  pneumococcus and S t r e p t o c o c c u s  
p yo g e n es ,  which were fo u n d  i n  t h e  p o s t e r i o r  nose  and 
t h r o a t  would b e ,  by v i r t u e  o f  t h e i r  s i t e  o f  o c c u r r e n c e  
m ost  e a s i l y  t r a n s f e r r e d  by d r o p l e t s  which  m ig h t  i n f e c t  
t h e  d u s t .  Organisms i n  t h e  a n t e r i o r  n o s e ,  f o r  exam ple ,  
S t a p h y lo c o c c u s  a u r e u s ,  would be t r a n s f e r r e d  most  
e a s i l y  by c o n t a g i o n .
( 7 )  Chemotherapy d id  n o t  p r e v e n t  t h e  a c q u i s i t i o n  o f  
o rg an ism s  i n  th e  nose  o r  t h r o a t .  D u r in g  t r e a t m e n t ,  
however ,  some o rgan ism s  d id  d i s a p p e a r  and t h i s  was 
m ost  marked when a p a t i e n t  c a r r y i n g  S t r e p t o c o c c u s  
pyogenes  was t r e a t e d  by p e n i c i l l i n .
( 8 )  There was l i t t l e  e v idence  t o  show t h a t  t h e  n u r s i n g ,  
m e d ic a l  o r  dom es t ic  s t a f f s  i n f e c t e d  p a t i e n t s  w i t h  
pneumococci  b u t  t h e r e  was e v id e n ce  t h a t  t h e y  in j . e c te Q
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them w i t h  S t r e p t o c o c c u s  py og en es  and S t a p h y lo c o c c u s  
a u r e u s .
(9 )  The s t a f f ,  i n  t h e i r  t u r n ,  a p p a r e n t l y  a c q u i r e d  
s t r e p t o c o c c i ,  and on a few o c c a s i o n s ,  p n eum ococc i ,  
f rom t h e  p a t i e n t s .  W i th o u t  t h e  a i d  o f  b a c t e r i o p h a g e  
t y p i n g  i t  was i m p o s s i b l e  t o  p rove  t h a t  a member o f  
s t a f f  e v e r  a c q u i r e d  S t a p h y lo c o c c u s  a u r e u s  from a 
p a t i e n t .
(10)  Some c o n c l u s i o n s  a re  p u t  f o r w a r d  a s  r e g a r d s  t h e  
e t i o l o g y  o f  pneumonia  i n  t h e  i n f a n t  and young c h i l d .  
S t a p h y l o c o c c a l  pneumonia  w i t h  empyema was l o o k e d  upon 
a s  a d i s t i n c t  e n t i t y  and i s  n o t  c o n s i d e r e d  h e r e .  In  
t h e  o l d e r  c h i l d ,  t h e  a c q u i s i t i o n  o f  a  ty p e  o f  pneumo­
c o c c u s ,  n o t  a l r e a d y  p r e s e n t  i n  t h e  u p p e r  r e s p i r a t o r y  
t r a c t ,  may c au se  t h e  development  o f  pneumonia  w i t h  a  
r a d i o l o g i c a l  a p p ea ra n c e  s i m i l a r  t o  t h a t  i n  t h e  a d u l t .  
A p a r t  f rom t h i s ,  t h e  a s s o c i a t i o n  o f  t h e  pneumococcus 
w i t h  pneumonia  o r  b r o n c h i t i s  i n  t h e  i n f a n t  and young 
c h i l d  would seem t o  be p u r e l y  f o r t u i t o u s .  There was 
no e v id e n c e  t o  s u g g e s t  t h a t  e i t h e r  S t a p h y lo c o c c u s  
a u r e u s  o r  S t r e p t o c o c c u s  pyogenes  was r e s p o n s i b l e  f o r  
more t h a n  a few o f  t h e  i n s t a n c e s  o f  pneumonia  i n  t h e  
i n f a n t  o r  young c h i l d .  I t  i s  s u g g e s t e d  t h a t  t h e  t r u e  
n a t u r e  o f  t h e  d i s e a s e  p r o c e s s  i s  an  u p p e r  r e s p i r a t o r y  
i n f e c t i o n  f a v o u r i n g  an i n c r e a s e  i n  t h e  numbers  o f  
pneumococci  and o t h e r  o rgan ism s  p r e s e n t  i n  t h e  nose
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and t h r o a t ,  and a s u b s e q u e n t  downward c o l o n i s a t i o n  o f  
t h e  mucous membrane by  t h e s e  o rg a n i s m s  c a u s e s  t h e  
developm ent  o f  pneumonia  o r  b r o n c h i t i s .  A l t e r n a t i v e l y ,  
t h e  u p p e r  r e s p i r a t o r y  i n f e c t i o n  may be f o l l o w e d  by 
a s p i r a t i o n  o f  i n f e c t e d  d i s c h a r g e  i n t o  t h e  lo w e r  
r e s p i r a t o r y  t r a c t .  The a s p i r a t i o n  o f  s e c r e t i o n s  
n o r m a l ly  p r e s e n t  i n  t h e  mouth and t h r o a t  may a l s o  
o c c u r  d u r i n g  s l e e p  i n  t h e  i n f a n t ,  w i th o u t  any 
p r e c e d i n g  u p p e r  r e s p i r a t o r y  i n f e c t i o n  and l e a d  t o  t h e  
deve lopm en t  o f  pneumonia .  Even i n  t h e  o l d e r  c h i l d ,  
where t h e  p i c t u r e  may s u g g e s t  t h e  pneum ococca l  pneumonia 
o f  t h e  a d u l t ,  t h e  a s su m p t io n  o f  p a t h o g e n i c  powers  by 
pneum ococca l  t y p e s  newly a c q u i r e d  i n  t h e  nose  o r  t h r o a t  
and u s u a l l y  i n n o c u o u s ,  may be due t o  an a l l e r g i c  
r e s p o n s e  on t h e  p a r t  o f  t h e  p a t i e n t .  A p r e c e d i n g  
r e s p i r a t o r y  i n f e c t i o n  may a l s o  be n e c e s s a r y  and i t  i s  
n o t e w o r th y  t h a t  t h e  i n c i d e n c e  o f  r e s p i r a t o r y  i n f e c t i o n  
amongst  c o n t a c t s  i s  h i g h .
I n c l u d e d  amongst t h e  pneumococci  i s o l a t e d  from 
t h e  p a t i e n t s ,  were some o f  i n t r i n s i c a l l y  h ig h  
v i r u l e n c e ,  f o r  example ,  t y p e s  1 and 2. The p a t i e n t s  
f rom whom t h e s e  t y p e s  were i s o l a t e d  were a l l  i n  t h e  
o l d e r  age g rou p .  I t  i s  however p o s s i b l e  t h a t  some 
o t h e r  t y p e s  a r e  v i r u l e n t ,  e s p e c i a l l y  f o r  young 
p a t i e n t s ,  and th e  w r i t e r  found  e v id e n c e  ohat  ty p e  
21 was one o f  t h e s e .  I t  i s  s u g g e s t e d  t h a t  t y p e s  o f
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pneumococci ,  f o r  exam ple  ty p e  2, w h ich  a r e  p a th o g e n s  
o f  pneumonia,  a r e  a l s o  more r e s i s t a n t  t o  t h e  d r y i n g  
c o n d i t i o n s  of t h e  f l o o r  d u s t  and t h e r e f o r e ,  more 
c e r t a i n  of b e in g  t r a n s f e r r e d  f rom  one i n d i v i d u a l  to  
a n o t h e r .
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(1 )  Methods o f  Swabbing and D us t  S a m pl ing .
(a.) T ak in g  t h e  T h r o a t  Swab:
The swab u sed  by  th e  w r i t e r  i s  d e p i c t e d  i n  f i g u r e  6. 
W h i l s t  t h e  tongue  was h e l d  down by a  s p a t u l a  t h e  swab was 
i n s e r t e d  i n t o  t h e  mouth and r u b b e d  o v e r  t h e  f a u c e s ,  t h a t  i s ,  
o v e r  one t o n s i l l a r  b ed ,  o v e r  th e  b a c k  o f  t h e  s o f t  p a l a t e  
and  o v e r  t h e  o t h e r  t o n s i l l a r  b e d .  The swab was t h e n  
r e p l a c e d  i n  i t s  s t e r i l e  g l a s s  c o n t a i n e r .
(1>) T ak ing  th e  A n t e r i o r  Nose Swab:
The swab d e p i c t e d  i n  F i g u r e  6 was a l s o  u s e d  f o r  
sw abbing  t h e  a n t e r i o r  n o s e .  The swab was i n s e r t e d  f o r  
a b o u t  h a l f  an  i n c h  i n t o  one o f  t h e  n o s t r i l s  and r u b b e d  
ro u n d  t h e  w a l l s  o f  t h i s  n o s t r i l ,  u s i n g  a  c i r c u l a r  
movement.
( c ) T ak in g  th e  P o s t e r i o r  Nose Swab:
A p e r - n a s a l  swab was u s e d  and t h i s  i s  d e p i c t e d  i n  
F i g u r e  7. The main  c h a r a c t e r i s t i c  o f  t h i s  swab was t h e  
f i n e n e s s  of  t h e  n ic ro m e  w i r e  u s e d ,  32 g a u g e ,  and t h e  
s m a l l n e s s  of  t h e  p l e d g e t  o f  c o t t o n  wool c a r r i e d  by i t .
The swab was i n s e r t e d  t h r o u g h  one n o s t r i l  and p a s s e d  a l o n g  
t h e  f l o o r  o f  t h e  n ose  u n t i l  i t  r e a c h e d  t h e  p o s t n a s a l  s p a c e .  
When t h e  end o f  t h e  swab im p inged  on t h e  p o s t e r i o r  w a l l  o f  
t h e  n a s o - p h a r y n x ,  i t  was t u r n e d  q u i c k l y  t h r o u g h  180 d e g r e e s  
and t h e n  r a p i d l y  w i th d ra w n  and r e p l a c e d  i n  i t s  s t e r i l e  
g l a s s  c o n t a i n e r .
5Kowitvc| bloolA^irpkle, in. positron-dud tke.. 
d r e c d io a o j '  t K e j e t o ^ i i t  w k i c k  I)lows th e y  
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T h i s  swab was d e s c r i b e d  by  B r a d f o r d  and S l a v i n  i n  1940, 
and f o u n d  by t h e s e  a u t h o r s  and M i l l e r ,  L ea ch ,  S a i t o  and 
Humber i n  1943 t o  be v e r y  s u c c e s s f u l  i n  i s o l a t i n g  H a e m o p h i l i s  
p e r t u s s i s  f ro m  t h e  p o s t n a s a l  sp a c e  of  p a t i e n t s  s u f f e r i n g  
f rom  whooping cough .  Landsman 1953 and A nderson  1953 found  
i t  e q u a l l y  s u c c e s s f u l  i n  i s o l a t i n g  pneum ococc i  f rom  t h e  p o s t ­
n a s a l  s p a c e .
( d )  T ak in g  t h e  Sample o f  F l o o r  D u s t :
The d u s t  s a m p le r  u s e d  was s i m i l a r  t o  t h a t  d e v i s e d  and 
c o n s t r u c t e d  by Mr. T. Nash  o f  the  C e n t r a l  P u b l i c  H e a l t h  
L a b o r a t o r y ,  C o l i n d a l e ,  London, and u s e d  i n  s t u d i e s  r e p o r t e d  
by  W i l l i a m s  i n  1949. Mr.McLean o f  K n ig h tsw o o d  H o s p i t a l  
l a b o r a t o r y  made t h e  s a m p le r  u s e d  i n  t h e  w r i t e r ' s  
i n v e s t i g a t i o n s  and a d raw in g  o f  i t  i s  shown i n  F i g u r e  8.
The s a m p l e r ,  w h ich  was made i n  p e r s p e x ,  c a r r i e d  a  p e t r i  
d i s h  c o n t a i n i n g  b lo o d  a g a r  on w h ich  t h e  d u s t  was c o l l e c t e d .
A j e t  o f  a i r  was p u f f e d  on to  t h e  f l o o r  u n d e r  t h e  b l o o d  
a g a r  p l a t e  an d  th e  f l o o r  d u s t  blown up on t o  t h e  e x p o se d  
s u r f a c e  o f  t h e  b lo od  a g a r  p l a t e .  S ix  p u f f s  h a d  t o  be 
g i v e n  t o  o b t a i n  a  s u f f i c i e n t  sample  o f  d u s t .  The p l a t e  
was t h e n  rem oved,  c o v e r e d  w i t h  i t s  l i d  and  a  f r e s h  p l a t e  
i n s e r t e d  f o r  t h e  n e x t  d u s t  sam p le .
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F i g u r e  9»
Method of P l a t i n g :
The swab i s  f i r s t  rubbed over a r e a  A. The p la t inum  
loop  i s  s t e r i l i s e d  in  a flame and the  p l a t e  in o c u la t e d  as 
shown, u s ing  p a r a l l e l  s t r o k e s  over a r e a  B. A f te r  
s t e r i l i s i n g  once more, th e  loop  i s  s t ro k e d  over  a r e a  C, 
th en  tu rn e d ,  and s t ro k e d  over a r e a  D. In t h i s  way, a 
g raded d e n s i ty  of  growth i s  o b ta in ed  w i th  th e  p ro d u c t io n  
of s in g l e  c o l o n ie s .
( 2 )  B a c t e r i o l o g i c a l  P r o c e d u r e s  w i th  th e  Swabs and Dust  P l a t e s .
As soon a s  p o s s i b l e  a f t e r  b e i n g  o b t a i n e d ,  e a c h  swab was 
p l a t e d  o u t  on h a l f  o f  a  b lo o d  a g a r  p l a t e ,  and on h a l f  o f  a 
s i m i l a r  p l a t e  c o n t a i n i n g  1 : 1 , 0 0 0 , 0 0 0  g e n t i a n  v i o l e t .  The 
b l o o d  a g a r  were made by a d d in g  7 .5  m i l l i l i t r e s  o f  h o r s e  
b lo o d  t o  100 m i l l i l i t r e s  of m e l t e d  n u t r i e n t  a g a r .  P l a t i n g  
was done by means o f  a  p l a t i n u m  l o o p  i n  such  a  f a s h i o n  a s  
t o  g e t  a  g r a d e d  d e n s i t y  of g ro w th  w i t h  t h e  p r o d u c t i o n  of 
s i n g l e  c o l o n i e s .  The method i s  shown i n  F i g u r e  9*
The p l a t e s  were  i n c u b a t e d  o v e r n i g h t  a t  37° c e n t i g r a d e .  
B u s t  p l a t e s  were a l s o  p l a c e d  i n  t h e  i n c u b a t o r  w i t h o u t  
d e l a y  and i n c u b a t e d  o v e r n i g h t  a t  37° c e n t i g r a d e .
( a ) P r o c e d u r e  w i t h  C u l t u r e s  o b t a i n e d  f rom  P l a t i n g  o u t  
t h e  Swabs.
A f t e r  o v e r n i g h t  i n c u b a t i o n ,  t h e  c u l t u r e  p l a t e s  were 
i n s p e c t e d  t h r o u g h  a  low power l e n s .  The b lo od  a g a r  p l a t e  
showed t h e  r a n g e  of  b a c t e r i a  p r e s e n t .  The g e n t i a n  v i o l e t  
b lo o d  a g a r  p l a t e  i n h i b i t e d  t h e  g row th  of some o r g a n i s m s ,  
e s p e c i a l l y  s t a p h y l o c o c c i  b u t  a l l o w e d  th e  g ro w th  of 
pneumococci  and s t r e p t o c o c c i .
( i ) The i d e n t i f i c a t i o n  o f  S t r e p t o c o c c u s  p y o g e n e s : 
S m a l l ,  t r a n s l u c e n t ,  convex  and s l i g h t l y  g r a n u l a r  
c o l o n i e s  were r e c o g n i s e d  a s  t h o s e  o f  S t r e p t o c o c c u s  p yogenes  
when e ac h  was s u r r o u n d e d  by a  c l e a r  zone due t o  t h e  
h a e m o ly s in  p ro d u c e d  by th e  o r g a n i s m ,  d i f f u s i n g  i n t o  t h e
b l o o d  a g a r .  No f u r t h e r  i d e n t i f i c a t i o n  p r o c e d u r e  was 
c a r r i e d  o u t .  The a p p ro x im a te  number o f  c o l o n i e s  p r e s e n t  
was n o t e d .  ’'S t r e p t o c o c c u s  p y o g en es  +++" r e f e r r e d  to  
c u l t u r e  p l a t e s  where t h e  s t r e p t o c o c c u s  was th e  p r e d o m in a n t  
o r g a n i s m .  The p r e s e n c e  o f  a  few s c a t t e r e d  c o l o n i e s  was 
d e n o te d  a s  " S t r e p t o c o c c u s  pyo g en es  + " and o f  an 
i n t e r m e d i a t e  number o f  c o l o n i e s ,  a s  " S t r e p t o c o c c u s  
p y o genes  ++".
( i i )  I d e n t i f i c a t i o n  of  S t a p h y lo c o c c u s  a u r e u s :
The c o l o n i e s  of S t a p h y lo c o c c u s  a u r e u s  were r e c o g n i s e d  
a s  c i r c u l a r  d i s c s ,  c o n s i d e r a b l y  l a r g e r  t h a n  t h e  c o l o n i e s  
o f  S t r e p t o c o c c u s  p y o g e n es .  The c o l o n i e s  were opaque b u t  
g l i s t e n i n g  and m o i s t  and p r e s e n t e d  a  g o ld e n  y e l l o w  c o l o u r ,  
some p a l e r  t h a n  o t h e r s .  The m a j o r i t y  had  a zone of  
c o m p le te  h a e m o ly s i s  a rou n d  e a c h  c o lo n y .  The number o f  
c o l o n i e s  p r e s e n t  was n o t e d  i n  s i m i l a r  f a s h i o n  t o  t h a t  
u s e d  f o r  S t r e p t o c o c c u s  p y o g e n e s .
A c o n s i d e r a b l e  number of  t h e  s t a p h y l o c o c c i  i s o l a t e d  
were  examined f o r  c o a g u l a s e  p r o d u c t i o n .  Organ ism s ,  w h ich  
were  found  t o  be c o a g u l a s e  p o s i t i v e ,  were a l s o  t e s t e d  f o r  
p e n i c i l l i n  s e n s i t i v i t y .
Method of T e s t i n g  f o r  C o a g u la se  P r o d u c t i o n :
In the f i r s t  i n s t a n c e ,  a s im ple  s l i d e  t e s t  was used.  
(Gadness-G-raves, W i l l ia m s ,  Harper and M ile s :  1 9 4 3 ) .  A 
sweep from th e  s t a p h y l o c o c c a l  c o l o n i e s  or a s i n g l e  c o lo n y  
i f  th e  growth was s c a n t y ,  was suspended i n  a drop o f  s a l i n e
on a g l a s s  s l i d e .  To t h i s  h eavy  b a c t e r i a l  s u s p e n s i o n ,  a 
d ro p  of u n d i l u t e d  human p lasm a  was ad d ed .  There  was a lm o s t  
im m edia te  m a c r o s c o p ic  c lu m p in g  o f  the  b a c t e r i a  i f  t h e  
s t r a i n  o f  S t a p h y lo c o c c u s  a u r e u s  b e in g  t e s t e d  was c o a g u l a s e  
p o s i t i v e .
The above method i s  e f f i c i e n t  and s i m p le ,  b u t  may on 
o c c a s i o n  g i v e  a  f a l s e  n e g a t i v e  r e s u l t .  To o b v i a t e  t h i s ,  
any  s t r a i n  found  t o  be n e g a t i v e  by t h e  s l i d e  t e s t  was 
f u r t h e r  t e s t e d  by t h e  t u b e  t e s t .  A sweep o f  t h e  
s t a p h y l o c o c c a l  g ro w th ,  o r  a  s i n g l e  c o lo n y  when t h e  g row th  
was s c a n t y ,  was su sp en d e d  i n  5 m i l l i l i t r e s  o f  a  n u t r i e n t  
b r o t h  and i n c u b a t e d  o v e r n i g h t .  Human p lasm a  was d i l u t e d  
1 : 1 0  w i t h  no rm al  s a l i n e .  To a  t e s t  t u b e  c o n t a i n i n g  
1 m i l l i l i t r e  o f  t h e  d i l u t e d  p la sm a ,  10 d r o p s  of  t h e  b r o t h  
c u l t u r e  were ad ded .  The t u b e  was i n c u b a t e d  f o r  s i x  h o u r s  
a t  37° c e n t i g r a d e ,  and c o a g u l a t i o n  n o t e d  ( a f t e r  F i s k :  1 9 4 0 ) .  
I f  t h e  s t a p h y l o c o c c u s  b e i n g  t e s t e d  was c o a g u l a s e  p o s i t i v e ,  
t h e  c o n t e n t s  of t h e  t e s t  t u b e  c l o t t e d .  As c o n t r o l s ,  b r o t h  
c u l t u r e s  of a  known c o a g u l a s e  n e g a t i v e  and of a  known 
c o a g u l a s e  p o s i t i v e  s t a p h y l o c o c c u s  were added  t o  d i l u t e d  
p la s m a  and i n c u b a t e d  i n  s i m i l a r  f a s h i o n .
Method o f  T e s t i n g  f o r  P e n i c i l l i n  S e n s i t i v i t y :
Each c o a g u l a s e  p o s i t i v e  s t a p h y l o c o c c u s  was t e s t e d  f o r  
p e n i c i l l i n  s e n s i t i v i t y .  A b r o t h  c u l t u r e ,  made a s  d e s c r i b e d  
f o r  tu b e  t e s t i n g  f o r  c o a g u l a s e  iDroduct ion ,  was u se d  and a 
d ro p  o f  t h i s  p l a t e d  o n to  h a l f  o f  a p e n i c i l l i n  d i t c h  p l a t e .
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The m ethod u s e d  was t h a t  a d v i s e d  by B a r b e r  i n  1947 and 
d e t e c t s  p e n i c i l l i n a s e  p r o d u c t i o n .  The p l a t e  u s e d  was 
a  b l o o d  a g a r  p l a t e  from which  a  d i t c h  had  b e en  c u t .  The 
d i t c h  was f i l l e d  w i t h  a g a r  c o n t a i n i n g  10 u n i t s  o f  
p e n i c i l l i n  p e r  m i l l i l i t r e .  P l a t i n g  was done ,  u s i n g  a 
p l a t i n u m  l o o p ,  i n  s u c h  a  manner a s  t o  o b t a i n  a  g row th  o f  
g r a d u a t e d  d e n s i t y  f rom heavy  t o  l i g h t .  A s t a n d a r d  
p e n i c i l l i n  s e n s i t i v e ,  O xford  S t a p h y lo c o c c u s  was u s e d  as
i
a  c o n t r o l .
Growth was i n h i b i t e d  f o r  h a l f  t o  one i n c h  from t h e  
d i t c h  i f  t h e  s t r a i n  was p e n i c i l l i n  s e n s i t i v e .  R e s i s t a n t  
s t r a i n s  grew up t o  and o v e r  t h e  d i t c h .  With 
p e n i c i l l i n a s e  p r o d u c i n g  r e s i s t a n t  s t r a i n s ,  t h e  g row th  
grew o v e r  t h e  d i t c h  where i t  was h e a v i e s t  b u t  g r a d u a l l y  
became i n h i b i t e d  a s  t h e  h e a v i n e s s  o f  t h e  p l a t i n g  d e c r e a s e d .  
A l l  r e s i s t a n t  s t r a i n s  i s o l a t e d  by t h e  w r i t e r  were fo u nd  t o  
p ro d u c e  p e n i c i l l i n a s e .
P h o t o g r a p h s  o f  t y p i c a l  p l a t e s  a r e  shown i n  F i g u r e s  
1 0a  and 10b .
( i i i )  I d e n t i f i c a t i o n  o f  t h e  P neum ococcus :
A p h o t o g r a p h  o f  t y p i c a l  c o l o n i e s  o f  pneum ococc i  i s  
shown i n  F i g u r e  11 .  The c o lo n y  i s  f l a t  and smooth and 
o f t e n  u m b i l i c a t e d .  I t  i s  s e m i - t r a n s p a r e n t  and o f t e n  
d e s c r i b e d  a s  "dewdrop" l i k e .  The c o l o n i e s  on b l o o d  a g a r  
a r e  e a c h  s u r r o u n d e d  by  a g r e e n i s h  zone s a i d  t o  be due t o  
p e r o x i d e  f o r m a t i o n ,  r e s u l t i n g  i n  t h e  p r o d u c t i o n  o f
F i g u r e  1 0 a . I58a.
Photograph showing above, a p e n i c i l l i n  s e n s i t i v e  and below, a 
p e n i c i l l i n  r e s i s t a n t ,  p e n i c i l l i n a s e  producing ,  Staphylococcus 
au reus .  A s tan d a rd  p e n i c i l l i n  s e n s i t i v e ,  Oxford s taphylococcus  
i s  shown.
Figure  10b.
Photograph, showing two s t r a i n s  of  p e n i c i l l i n  r e s i s t a n t ,  
■pen ic i l l inase  producing  Staphylococcus au reus .  A s tandard  
p e n i c i l l i n  s e n s i t i v e ,  Oxford s taphy lococcus  i s  shown.
m b .
Figure I I .
Photograph showing ty p i c a l  co lo n ie s  of 
pneumococci on blood aga r .
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m e th ae m o g lo b in .  I f  c o l o n i e s  on t h e  b lo o d  a g a r  or  g e n t i a n  
v i o l e t  b lood  a g a r  p l a t e s  showed t h e  c u l t u r a l  
c h a r a c t e r i s t i c s  of t h e  pneumococcus ,  t h e y  were s u b j e c t e d  
t o  a  c a p s u l e  t e s t .  I f  p o s i t i v e ,  t h e y  were  d i r e c t l y  t y p e d .  
C o l o n i e s  which  were n o t  q u i t e  t y p i c a l ,  c o l o n i e s  
r e s e m b l i n g  S t r e p t o c o c c u s  v i r i d a n s ,  and c o l o n i e s  which  had 
b e en  . t e s t e d  f o r  t h e  p r e s e n c e  of  a  c a p s u l e  and found  to  be 
c a p s u l e  n e g a t i v e  were s u b c u l t u r e d  on to  o p t o c h i n  ( e t h y l  
h y d r o c u p r e i n e ) d i t c h  p l a t e s  and t e s t e d  f o r  s e n s i t i v i t y  to  
t h i s  s u b s t a n c e .  M o rg e n ro th  and Levy i n  1911 ( q u o te d  by 
H e f f r o n ,  1939) fo u n d  t h a t  o p t o c h i n  had  a  s p e c i f i c  
b a c t e r i o c i d a l  e f f e c t  on pneum ococc i  i n  t e s t  tu b e  
p r e p a r a t i o n s .  M^rch i n  Copenhagen (1943) fo u n d  t h a t  i n  
f a c t , o p t o c h i n  was b a c t e r i o s t a t i c  and she u s e d  i t  a s  a  
means o f  d i s t i n g u i s h i n g  pneumococci  f rom  o t h e r  v i r i d a n s  
c o l o n i e s .
O p t o c h i n - s e n s i t i v e  o rg a n i s m s  were  c o n s i d e r e d  t o  be  
pneumococci  and ,  i f  c a p s u l e  p o s i t i v e ,  were  t y p e d .  I f  
c a p s u l e  n e g a t i v e ,  t h e y  were f i r s t  s u b j e c t e d  t o  mouse 
i n o c u l a t i o n  i n  an e n d e a v o u r  to  in d u c e  c a p s u l e  f o r m a t i o n .
On a  v e r y  few o c c a s i o n s  t h i s  d i d  n o t  o c c u r  and t h e  
pneumococcus c o u ld  n o t  be t y p e d .  Mouse i n o c u l a t i o n  was 
a l s o  c a r r i e d  ou t  on any pneumococcus on which  t h e  f i r s t  
e f f o r t  o f  t y p i n g  was u n s u c c e s s f u l .  O c c a s i o n a l l y ,  a  
pneumococcus had  to  be i n o c u l a t e d  i n t o  a mouse on more 
t h a n  one o c c a s i o n  i f  d i f f i c u l t y  was e x p e r i e n c e d  i n  t y p i n g









Method of  p l a t i n g  on op to ch in  d i t c h  p l a t e s :
A sweep from the  pneumococcal growth to  he t e s t e d  is  
s t r o k e d  a c ro s s  the  p l a t e  u s in g  a p la t in u m  lo o p .  Several 
s t r a i n s  were t e s t e d  on one p l a t e .  The appearance of the 
r e s u l t a n t  growth of an op toch in  s e n s i t i v e  organism i s  
shorn a t  A, and of an o p to ch in  r e s i s t a n t  organism a t  B.
In  the  diagram, th e  "blood ag a r  i s  co lou red  p ink ,  
th e  op toch in  c o n t a in i n g  ag a r ,  ye l low , and the growth of 
pneumococci w h i te .
1 6 0 .
t h e  pneumococcus or  i f  t h e  c a p s u l e  f o r m a t i o n  was p o o r .  
O p to c h in  s e n s i t i v e ,  c a p s u l e  n e g a t i v e  s t r a i n s  w hich  d i d  no t  
p ro d u c e  a  c a p s u l e  on mouse i n o c u l a t i o n  were c o n s i d e r e d  to  
he " r o u g h 1’ s t r a i n s .
Method o f  T e s t i n g  f o r  P r e s e n c e  o f  a  C a p s u l e :
T h i s  method was u s e d  i n  Knightswood l a b o r a t o r y  and i s  
a  m o d i f i c a t i o n  of F l e m i n g ' s  N i g r o s i n  method (Mackie and 
McCartney ,  1 9 4 2 ) .  A d rop  o f  1 p e r  c e n t  a q u eou s  r o s e - b e n g a l  
and  a  d r o p  of  1 p e r  c e n t  aqueo u s  n i g r o s i n  were mixed on a 
s l i d e .  A sweep f ro m  t h e  pneum ococca l  c o l o n i e s  p r e s e n t  on 
t h e  c u l t u r e  p l a t e  was su sp en d e d  i n  a  d ro p  o f  s a l i n e  on th e  
same s l i d e .  The two d r o p s  were mixed and t h e  s l i d e  a l l o w e d  
t o  d r y  i n  a i r  w i t h o u t  h e a t  and t h e n  exam ined  u n d e r  t h e  
m i c r o s c o p e .  The r o s e - b e n g a l  s t a i n e d  t h e  o r g a n i s m  and 
t h e  n i g r o s i n ,  t h e  b a c k g ro u n d .  The c a p s u l e ,  i f  p r e s e n t ,  
was u n s t a i n e d  and a p p e a r e d  a s  a  c l e a r  l a c u n a  a round  th e  
o rg a n i s m .
Method o f  T e s t i n g  f o r  O p to c h in  S e n s i t i v i t y :
Mjzfrch (1943)  u se d  s o l i d  m edia  c o n t a i n i n g  o p t o c h i n ,  o r  
a s  a  more d e l i c a t e  method b r o t h  c o n t a i n i n g  o p t o c h i n ,  to  
i d e n t i f y  pneum ococc i .  Anderson  and lan d sm a n  ( u n p u b l i s h e d )  
a t  K nigh tsw ood  H o s p i t a l  u se d  a  m o d i f i c a t i o n  o f  M prch1s 
m ethod .  A b lo o d  a g a r  d i t c h  p l a t e  was u s e d ,  t h e  d i t c h  
c o n t a i n i n g  a  1 : 5 0 , 0 0 0  c o n c e n t r a t i o n  of  o p t o c h i n  i n  a g a r .
Two o r  t h r e e  sweeps o f  t h e  o rg an ism  t o  be t e s t e d  were  
p l a t e d  s e p a r a t e l y  a c r o s s  t h e  o p t o c h i n  d i t c h  p l a t e  u s i n g  a 
p l a t i n u m  l o o p .  Organisms f rom  s e v e r a l  c u l t u r e  p l a t e s
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c o u l d  u s u a l l y  be t e s t e d  on t h e  one o p t o c h i n  d i t c h  p l a t e .  
R e s i s t a n t  s t r a i n s  grew up to  and ove r  t h e  o p t o c h i n  d i t c h  
w h e re a s  th e  g ro w th  of  s e n s i t i v e  s t r a i n s  was i n h i b i t e d  f o r  
a  h a l f  t o  one i n c h  from t h e  d i t c h .  F i g u r e  12 i n d i c a t e s  
t h e  method o f  p l a t i n g  and t h e  a p p e a r a n c e s  of s e n s i t i v e  
and r e s i s t a n t  s t r a i n s .
Mouse I n o c u l a t i o n :
I n t r a - p e r i t o n e a l  i n j e c t i o n  o f  a  b r o t h  s u s p e n s i o n  o f  
t h e  o rg a n i s m  was u s e d .  The g ro w th  on t h e  o p t o c h i n  d i t c h  
p l a t e  o r  t h e  o r i g i n a l  g ro w th  on t h e  b lo o d  a g a r ,  o r  g e n t i a n  
v i o l e t  b lo o d  a g a r  p l a t e  was u t i l i s e d .  I f  t h e  o r i g i n a l  
g ro w th  was n o t  p u re  a s u b c u l t u r e  on b l o o d  a g a r  was f i r s t  
made. A p o r t i o n  of  t h e  a g a r  c a r r y i n g  t h e  c o l o n i e s  of t h e  
o rg a n i s m  was e m u l s i f i e d  i n  5 m i l l i l i t r e s  o f  b r o t h  i n  a  
v i r u s  m o r t a r  and 2 m i l l i l i t r e s  o f  th e  e m u ls io n  i n j e c t e d  
i n t o  t h e  mouse by t h e  i n t r a - p e r i t o n e a l  r o u t e .  I f  t h e  
s t r a i n  o f  pneumococcus was m o u s e - v i r u l e n t ,  a s  was u s u a l ,  
t h e  mouse d i e d  w i t h i n  24-48  h o u r s .  I f  t h e y  l i v e d  l o n g e r  
t h e  mice were k i l l e d .  An a u t o p s y  of th e  mouse was c a r r i e d  
o u t .  The s k i n  was r e f l e c t e d  t o  expose  t h e  a b d o m in a l  and 
c h e s t  m u s c le s .  The p e r i t o n e a l  c a v i t y  was p u n c t u r e d  by 
a  s t e r i l e  c a p i l l a r y  p i p e t t e  c a r r y i n g  a r u b b e r  t e a t  and 
t h e  p e r i t o n e a l  c a v i t y  washed ou t  w i t h  2 m i l l i l i t r e s  o f  
b r o t h .  A c a p s u l e  t e s t  was done on th e  p e r i t o n e a l  w a s h i n g s .  
I f  c a p s u l a t e d  d i p l o c o c c i  were s e e n ,  t y p i n g  was c a r r i e d  o u t  
f o r t h w i t h .  I f  no s u c h  o rg a n i s m s  were  s e e n ,  a d rop  o f  th e
p e r i t o n e a l  w a sh in g s  was p l a t e d  on to  a  b lo o d  a g a r  p l a t e .
The t h o r a c i c  cage  of t h e  mouse was t h e n  opened and th e  
h e a r t  exposed .  A s t e r i l e  c a p i l l a r y  p i p e t t e  was p a s s e d  
t h r o u g h  th e  h e a r t  w a l l  and t h e  h e a r t  b lo o d  w i th d raw n .
T h is  a l s o  was p l a t e d  on t o  t h e  b lo o d  a g a r  p l a t e .
I f  t h e  g ro w th  on t h e  b lo o d  a g a r  p l a t e  a f t e r  o v e r n i g h t  
i n c u b a t i o n  was c a p s u l e  p o s i t i v e ,  the  pneumococcus was 
t h e r e u p o n  t y p e d .  I f  n e g a t i v e ,  f u r t h e r  mouse i n o c u l a t i o n  
was c a r r i e d  o u t .  O c c a s i o n a l l y  t h e  pneumococcus was l o s t  
i f  t h e  mouse d i e d  f rom some o t h e r  c a u se  and o c c a s i o n a l l y  
t h e  pneumococcus was overgrow n by o t h e r  o rg an ism s  which  
were p r o b a b l y  bowel c o n t a m i n a n t s .  I f  s u c h  were t h e  c a s e ,  
f u r t h e r  mouse i n o c u l a t i o n  was c a r r i e d  o u t  f rom  th e  o r i g i n a l  
c u l t u r e .
Method of  Typing t h e  Pneum ococcus :
The c a p s u l e  of  th e  pneumococcus becomes s w o l l e n  when 
a c t e d  upon by  i t s  s p e c i f i c  a n t i - s e r u m .  ( N e u f e ld ,  1 9 0 2 ) .
T h is  c a p s u l e  s w e l l i n g  r e a c t i o n  fo rm s  t h e  b a s i s  o f  t h e  
method o f  t y p i n g  of  t h e  pneumococcus u se d  by th e  w r i t e r .
The s p e c i f i c  r a b b i t  a n t i - s e r a  u s e d  were o b t a i n e d  from 
t h e  " S t a t e  Serum I n s t i t u t e "  i n  Copenhagen.  A n t i - s e r a  f o r  
t y p e s  1 t o  42 were a v a i l a b l e ,  bu t  to  f a c i l i t a t e  t y p i n g ,  
u se  was made of  a n t i - s e r a ,  p o o le d  i n t o  g r o u p s  o f  which 
t h e r e  were e i g h t ,  l a b e l l e d  A to  H. Type 3 a n t i - s e r u m  
was n o t  i n c l u d e d  i n  any o f  t h e  g ro u p s  and a l l  pneumococci  
were  t e s t e d  w i t h  t h i s  a n t i - s e r u m  s e p a r a t e l y .
For th e  i d e n t i f i c a t i o n  o f  t y p e ,  a  sweep o f  th e  
pneum ococcal c o l o n i e s  on t h e  c u l t u r e  p l a t e  was used  
r a t h e r  th a n  a  s i n g l e  c o lo n y .  The r e a s o n  f o r  t h i s  was to  
o b v i a t e  m is s in g  th e  p r e s e n c e  o f  more t h a n  one ty p e  of 
pneum ococcus. The pneum ococci were t e s t e d  w i th  a l l  th e  
g ro u p  a n t i - s e r a  and ty p e  3 a n t i - s e r u m  i n  t h e  f o l lo w in g  
m anner. On e a c h  o f  t h r e e  s l i d e s  were p l a c e d  t h r e e  
s e p a r a t e  d ro p s  o f  s a l i n e  and to  e a c h  of t h e s e  n in e  d r o p s ,  
a  d ro p  o f  1 p e r  c e n t  aqueous m e th y len e  b lu e  was added .
The sweep f ro m  th e  c u l t u r e  p l a t e  was i n o c u l a t e d  i n t o  each  
o f t h e  m ix tu r e s  o f  s a l i n e  and m eth y len e  b l u e .  A d ro p  o f  
e ach  g ro u p  a n t i - s e r u m  was added t o  each  p r e p a r a t i o n  o f  th e  
pneum ococcus. To th e  n i n t h  p r e p a r a t i o n  was added ty p e  3 
a n t i - s e r u m .  Each p r e p a r a t i o n  was c o v e re d  by a  g l a s s  c o v e r  
s l i p ,  a l lo w e d  to  s ta n d  f o r  f i v e  m in u te s  and th e n  exam ined 
u n d e r  th e  m ic ro s c o p e .  A l l  p r e p a r a t i o n s  w ere exam ined 
s i n c e ,  i f  t h e r e  were more t h a n  one ty p e  p r e s e n t ,  c a p s u le  
s w e l l i n g  would be p r e s e n t  w i th  more t h a n  one g ro u p  a n t i ­
serum , u n l e s s  a l l  t y p e s  p r e s e n t  were i n  th e  one g ro u p .  
C a p su le  s w e l l i n g  was se en  a s  a  s h a r p l y  o u t l i n e d ,  u n s t a i n e d  
zone w i th  a  g round  g l a s s  a p p e a ra n c e ,  s u r r o u n d in g  e a c h  b l u e -  
s t a i n e d  d i p lo c o c c u s .
H aving  th u s  a s s i g n e d  a pneumococcus t o  a g rou p  of 
t y p e s  i t  was t h e n  t e s t e d  w i th  e a c h  i n d i v i d u a l  a n t i - s e r u m  
i n  th e  g roup  f o r  c a p s u le  s w e l l i n g .  Thus th e  ty p e  or t y p e s  
p r e s e n t  were a s c e r t a i n e d .
(b )  P ro c e d u re  w i th  D ust P l a t e s ;
A f t e r  o v e r n i g h t  i n c u b a t i o n ,  th e  d u s t  p l a t e s  were 
exam ined u s i n g  a low  power l e n s ,  f i g u r e  13 shows p h o to g ra p h s  
o f  two o f  t h e s e  d u s t  p l a t e s  and d e p i c t s  th e  u s u a l  r a n g e  o f  
c o l o n i e s  fo u n d .
C o lo n ie s  of S t r e p to c o c c u s  pyogenes  and S ta p h y lo c o c c u s  
a u r e u s  were r e c o g n i s e d  by t h e i r  t y p i c a l  naked  eye a p p e a ra n c e .  
A f i l m  was made o f  t h e s e  c o l o n i e s  t o  a s s i s t  i n  th e  
i d e n t i f i c a t i o n  o f  th e  o rg a n is m s .  I f  t h e r e  was any doub t 
a b o u t  ' th e  n a t u r e  o f  any c o lo n y ,  t h i s  was s u b c u l tu r e d  and 
i d e n t i f i e d  f ro m  t h e  s u b c u l t u r e  by i t s  c u l t u r a l  
c h a r a c t e r i s t i c s .
T y p ic a l  c o l o n i e s  of pneum ococci were se ldom  fou nd  and 
i n  o r d e r  to  d e t e c t  th e  p r e s e n c e  o f  pneum ococci i n  th e  d u s t ,  
any v i r i d a n s  p r o d u c in g  c o lo n y ,  i n  any way r e s e m b l in g  t h a t  
o f  a  pneum ococcus, was t e s t e d  f o r  o p to c h in  s e n s i t i v i t y .
I f  o p to c h in  s e n s i t i v e  and c a p s u le  p o s i t i v e  th e  pneum ococcus 
was th e r e u p o n  ty p e d .  I f  c a p s u l e  n e g a t i v e  o r  i f  t h e  c a p s u le  
p r o d u c t i o n  was p o o r ,  mouse i n o c u l a t i o n  was f i r s t  c a r r i e d  
ou t  and t y p in g  c a r r i e d  o u t  on any pneum ococc i o b t a in e d  
from  th e  p e r i t o n e a l  w a sh in g s  o r  t h e  h e a r t  b lo o d .  The w r i t e r  
was f o r t u n a t e  i n  t h a t  on o n ly  one o c c a s io n  d id  a  c a p s u le  
f a i l  t o  a p p e a r  a f t e r  mouse i n o c u l a t i o n  of an o p to c h in  
s e n s i t i v e ,  c a p s u le  n e g a t i v e  o rg a n ism .
On a few  o c c a s io n s  t h e  d u s t  p l a t e s  w ere overgrow n by  a 
fu n g u s ,  B a c i l l u s  p r o t e u s  o r s u b t i l i s ,  and th e  i d e n t i f i c a t i o n
P i g u r e  1 3 .
P h o to g r a p h s  showing two t y p i c a l  d u s t  
c u l t u r e  p l a t e s  and t h e  u s u a l  r a n g e  
c o l o n i e s  s e e n .
165 .
o f  th e  o t h e r  o rg an ism s  p r e s e n t  was t h u s  r e n d e r e d  i m p o s s ib l e .
* * * * * * *
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T a b le s  su m m aris in g  th e  r e s u l t s  o f  a l l  sw ab b in g s .
1 6 7 .
3. T a b le s  su m m aris in g  th e  r e s u l t s  o f  a l l  s w a b b in g s .
A. R e s u l t s  o f  Swabbing th e  P a t i e n t s .
B. R e s u l t s  o f  Swabbing th e  Members o f  S t a f f .
* * * * * * *
N o te : The ty p e  o f  pneum ococcus i s  shown.
The h e a v i n e s s  of th e  g ro w th  of S t r e p to c o c c u s  pyog en es  
and of S ta p h y lo c o c c u s  a u r e u s  i s  i n d i c a t e d .  I f  
c o a g u la s e  p r o d u c t i o n  and p e n i c i l l i n  s e n s i t i v i t y  t e s t s  
w ere  c a r r i e d  o u t ,  t h e  r e s u l t s  a r e  a l s o  shown.
* * * * * * *
1 6 8 .
A b b r e v i a t i o n s
fkEl/MO . - EriE t/M O C O C C us
S.PVOg. Streptococcus ptosehes
S.AUR A» StAPHNLOCOCCUS AURJEUS.
+ •Vi A FEW COLONIES ISOLATED
+ + F a A  MODERATE NUM £>121\ OF COLONIES ISOLATED.
~f- +  + «N4 N umerous  colonie s isolated .
-+- U€/ - CoAGULASE p o s it iv e ) PENICILLIN SEKSirmiY
HOT DETERMINED
4“ WL/ CoAGULASE NEGANVEj
R CoA-G-ULASEJ POSITIVE ,  PENICILLIN RESISTANT.
S * U Coagitlase fo :s t ..t I v e  , PENIc il l im  s e n s it iv e
F O R  E X A M P L E  :
YtTEUHQ. TYPE b LRJESELMT, S.2YOG.. PRES'EKT IN SHALL 
* NUMBERS, S.AUR. PRESENT IN LARGE NUMBERS, 
CQA.GUXJASE POSITIVE, PEJilCILLIPf RESISTANT.
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1 7 5 .
B . R e s u l t s  of S w a b b i n g  I he M e m b e r s  of S t a f f .
S e r i a l  N u m b e r  o f  S c a b b i n g
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1 7 6 .
Summary of F i n d i ngs  f o r  S e c t i o n  2, C h a p te r  l .
1 7 7 .
Summary of F in d in g s  when t h e r e  was C l i n i c a l  E v id e n ce
o f  C r o s s - i n f e c t i o n .
( N o t e : -  t e m p e r a tu r e  f i g u r e s  a r e  i n  d e g r e e s  F a h r e n h e i t )
A. No a s s o c i a t e d  change  i n  t h e  n a s o -p h a r .y n g e a l  f l o r a .
S e r i a l  
No. o f ,  
P a t i e n t .
N a tu re  o f
o r i g i n a l
i l l n e s s .
C l i n i c a l  M a n i f e s t a t i o n s  
i n d i c a t i n g  R e la p s e  o r  an 
A cq u ired  I n f e c t i o n .
R e s u l t s  o f 
Swabbing 
Nose and 
T h r o a t .
14 Pneum onia. On 4 th  day , p a t i e n t  became 
v e ry  i l l  w i th  e l e v a t i o n  o f  
te m p e r a tu re  to  1 0 4 .8 ° .  
T rea tm en t c h a n g e d : -  
s a t i s f a c t o r y  r e s u l t .
No c h a r g e .
16 Pneum onia. On 7 th  day , cough much 
i n c r e a s e d , t e m p e r a t u r e  99 .49  
T re a tm e n t  changed : 
s a t i s f a c t o r y  r e s u l t .
No c h a n g e .
23 S ev e re
B r o n c h i t i s .
On 1 4 th  d a y , e l e v a t i o n  o f  
t e m p e r a tu r e  t o  1 0 0 ° .  No 
change i n  c l i n i c a l  
c o n d i t i o n .
No c h a n g e .
36 Pneumonia. On 1 7 th  d a y , g a s t r o - e n t e r i t i s  
d e v e lo p e d ,  t e m p e r a tu r e  
e l e v a t e d  to  1 02 ° .
No c h a n g e .
49 Pneumonia. On 2 6 th  d a y , e l e v a t j o n  of 
t e m p e r a tu r e  to  100 . 
Com plained o f  p a in  i n  
t h r o a t .  C o n ta c t  o f  
s c a r l e t  f e v e r .
No c h a n g e .  A 
few  S .p y o g .  
found  i n  
t h r o a t  9 
days  l a t e r .
55 C o l la p s e  
l e f t  lo w er  
l o h e , p r o ­
b a b ly  t u b ­
e r c u l o u s .
E a rs  s t a r t e d  to  d i s c h a r g e  
i n  8 th  week o f  
h o s p i t a l i s a t i o n .
No c h a n g e .
1 7 8 .
A. (C o n td . )
S e r i a l  
No. o f  
P a t i e n t
N a tu re  o f
o r i g i n a l
i l l n e s s .
C l i n i c a l  M a n i f e s t a t i o n s  
i n d i c a t i n g  R e la p s e  o r  an 
A c q u ire d  I n f e c t i o n .
R e s u l t s  o f 
Swabbing Nose 
and T h r o a t .
71 M ild
B r o n c h i t i s .
On 1 2 th  day , e l e v a t i o n  o f  
t e m p e r a tu r e  t o  9 9 .2  . T h ro a t  
was i n j e c t e d .  C o n ta c t  o f  
s c a r l e t  f e v e r .
No c h a n g e .
91 Pneum onia. Symptoms o f  g a s t r o - e n t e r i t i s  
d e v e lo p e d .
No c h a n g e .
108 Pneum onia. On 8 th  day , o t i t i s  m ed ia  
d e v e lo p e d .  T re a tm e n t  changed : 
s a t i s f a c t o r y  r e s u l t .
No ch an g e .
125 Pneum onia. On 1 7 th  day , e l e v a t i o n  o f  
t e m p e r a tu r e  to  9 9 .4 ° .  No 
change i n  c l i n i c a l  c o n d i t i o n .
No c h a n g e .
B. V i r t u a l l y  no change  i n  th e  n a s o p h a r y n g e a l f l o r a .
S e r i a l  
No. o f  
P a t i e n t .
N a tu re  of
o r i g i n a l
i l l n e s s .
C l i n i c a l  M a n i f e s t a t i o n s  
i n d i c a t i n g  R e la p se  o r  an 
A c q u ire d  I n f e c t i o n .
R e s u l t s  o f  
Swabbing Nose 
and T h ro a t .
3 Pneumonia. On 6 t h  day , e l e v a t i o n  of 
t e m p e r a tu r e  t o  1 0 1 ° .  No 
change i n  c l i n i c a l  c o n d i t i o n .
A few  S . a u r .  
had b een  
a c q u i r e d  i n  
P.N . and A.N.
4 S evere
B r o n c h i t i s .
On 1 3 th  day , e l e v a t i o n  o f  
t e m p e r a tu r e  to  1 0 2 ° .  No 
change i n  c l i n i c a l  c o n d i t i o n .
A few  S . a u r .  
had  b e en  
a c q u i r e d  i n  
A.N. O rganism s 
c o a g .+ v e ;  p e n .  
s e n s . ■
38 Pneumonia. On 9"th day , p a t i e n t  Became 
i l l  and " b r e a th le s s .  C h e s t  
v e r y  m o is t .
A few S . a u r .  
had  been  
a c q u i r e d  i n  
A.N.
108 Pneumonia. On 1 9 th  day , e l e v a t i o n  o f  
te m p e r a tu re  to  99 • No 
change i n  c l i n i c a l  c o n d i t i o n .
A few S .A u r .  
had  b e en  a c ­
q u i r e d  i n  A.N.
1 7 9 .
Pneumococcus a c q u i r e d .
S e r i a l  
No. o f  
P a t i e n t .
N a tu re  o f
o r i g i n a l
I l l n e s s .
C l i n i c a l  M a n i f e s t a t i o n s  
i n d i c a t i n g  R e la p se  o r  an 
A c q u ire d  I n f e c t i o n .
R e s u l t s  o f  
Swabbing Nose 
and T h r o a t .
99 S evere  
B ronch .it  i s ,
On 9 th  d ay , e l e v a t i o n  o f  
t e m p e ra tu re  to  1 0 1 ° .  No 
change i n  c l i n i c a l  c o n d i t i o n .
Type 6 pneumo. 
had b e en  a c ­
q u i r e d  i n  A.N. 
and p e r s i s t e d  
i n  l a t e r  
sw ab b in g s .
104 P neum onia . On 3 rd  day , t h r o a t  i n j e c t e d ,  
a l i t t l e  e x u d a te  on t o n s i l s .
Type 23 pneumo. 
had  b e en  a c ­
q u i r e d  i n  P . N . , 
A.N. and T. and 
p e r s i s t e d  i n  
l a t e r  sw abb ings
D. S t r e p to c o c c u s  pyogenes a c q u i r e d .
S e r i a l  
No. o f  
P a t i e n t .
N a tu re  o f
o r i g i n a l
I l l n e s s .
C l i n i c a l  M a n i f e s t a t i o n s  
i n d i c a t i n g  R e la p se  o r  an 
A cq u ired  I n f e c t i o n .
R e s u l t s  o f  
Swabbing Nose 
and T h r o a t .
9 P r im ary
T u b e rc u l ­
o s i s
Complex.
P a t i e n t  d ev e lo p ed  p a in  i n  
t h r o a t ,  e l e v a t i o n  o£ 
t e m p e ra tu re  to  9 9 .8  , a f t e r  
th e  1 0 th  sw abbing . T o n s i l s  
i n j e c t e d  and e n la r g e d .  
C o n ta c t  o f  s c a r l e t  f e v e r .
On 1 1 th  swabb­
i n g ,  S .p y o g .+ 
found  to  be 
p r e s e n t  i n  
t h r o a t  f o r  
f i r s t  t im e .
17 Pneumonia 
( l e f t  
b a s e )
X -ray  on 1 4 th  day showed 
c o n s o l i d a t i o n  i n  r i g h t  mid 
zone and l e f t  b a s a l  con­
s o l i d a t i o n  had r e s o l v e d .  On 
3rd  and 4 th  days t e m p e r a tu r e  
was e l e v a t e d .
On 8 th  day 
p a t i e n t  a c ­
q u i r e d  S .p y o g  
+++ i n  t h r o a t .  
S t i l l  p r e s e n t  
on 1 6 th  d a y .
42 P rim ary
T uber­
c u l o s i s
Complex.
On 2 7 th  day , p a t i e n t  
dev e lo p ed  s c a r l e t  f e v e r .
On 2 7 th  d a y ,  
p a t i e n t  had 
a c q u i r e d  S. 
pyog.+++ in  
t h r o a t . S . p y o g .  
+ had b e e n  
i s o l a t e d  on 2 
o c c a s io n s  
b e f o r e .
1 8 0 .
D. (C o n td .  )
S e r i a l  
No. o f  
P a t i e n t .
N a tu re  of
o r i g i n a l
I l l n e s s .
C l i n i c a l  M a n i f e s t a t i o n s  
i n d i c a t i n g  R e la p se  o r  an  
A cq u ired  I n f e c t i o n .
R e s u l t s  o f  
Swabbing Nose 
and T h r o a t .
55 C o l la p s e  
l e f t  lo w e r  
l o h e ,  p ro ­
b a b ly  t u b ­
e r c u l o u s  .
On 2 3 rd  day , e l e v a t i o n  of 
t e m p e r a t u r e .  T h ro a t  
i n j e c t e d ,  e x u d a te  on 
t o n s i l s .  C o n ta c t  o f 
s c a r l e t  f e v e r .
On 23rd  d ay , 
p a t i e n t  had  
a c q u i r e d  
S .p y o g .+
E. S ta p h y lo c o c c u s  a u r e u s  a c q u i r e d .
S e r i a l  
No. o f  
P a t i e n t .
N a tu re  o f
o r i g i n a l
I l l n e s s .
C l i n i c a l  M a n i f e s t a t i o n s  
i n d i c a t i n g  R e la p se  o r  an 
A cqu ired  I n f e c t i o n .
R e s u l t s  o f  
Swabbing Nose 
and T h r o a t .
8 Pneumonia.
F i b r o ­
c y s t i c
d i s e a s e
o f
p a n c r e a s .
On 1 0 th  day , r e l a p s e  i n  
c l i n i c a l  c o n d i t i o n  
a s s o c i a t e d  w i th  h ig h  
t e m p e r a tu r e .  Had i n t r a ­
m u sc u la r  p e n i c i l l i n  
u n t i l  7 th  day.
On 8 th  d a y , p a t ­
i e n t  a c q u i r e d  S. 
au r .+ + +  i n  A.N. 
and P .N . Organ­
ism s were coag . 
+ v e ; p e n . r e s .  S. 
au r .+ + +  s t i l l  
p r e s e n t  on 1 0 th  
day w i th  a  new ly  
a c q u i r e d  ty p e  18 
pne umo. Lung 
p u n c t u r e : - S . a u r . 
i n  p u re  g ro w th ;  
coag  +ve, p e n . r e s
9 P r im a ry
T uber­
c u l o s i s .
Qomplex.
Two weeks a f t e r  a d m is s io n  
te m p e r a tu re  e l e v a t e d .
Many s e p t i c  s p o t s  p r e s e n t .  
No p r e v io u s  t r e a t m e n t .
S .a u r  +++had b e e n  
a c q u i r e d  i n  A.N. 
O rganism s w ere  
coag  +ve, pen.sens
29 Pneum onia. On 6 th  day te m p e r a tu re  S .a u r .+ + +  had  "been
e l e v a t e d  to  1 0 0 ° .  No a c q u i r e d  i n  P .N . ,
change i n  c l i n i c a l  A.N. & T. O rgan-
c o n d i t i o n .  R e c e iv in g  ism s were c o ag .
t r e a t m e n t  by o r a l  +ve , p e n . r e s .
______  p e n i c i l l i n .  ________ ..._____________________
1 8 1 .
E. ( C o n t d . )
S e r i a l  
No. o f  
P a t i e n t .
N a tu re  o f
o r i g i n a l
I l l n e s s .
C l i n i c a l  M a n i f e s t a t i o n s  
i n d i c a t i n g  R e la p s e  o r  an 
A c q u i r in g  I n f e c t i o n .
R e s u l t s  o f  
Swabbing Nose 
and T h r o a t .
107 H erpes
L a b i a l i s .
In  3 rd  week, s e p t i c  
l e s i o n s  became s u p e r ­
im posed on a  g r o s s  
h e r p e t i c  i n f e c t i o n .
S . a u r .+++ had 
been  a c q u i r e d  i n  
P .N . and A.N.
120 Pneumonia. On 22nd day  c l i n i c a l  
c o n d i t i o n  r e l a p s e d ,  no 
e l e v a t i o n  of t e m p e r a t u r e .  
T re a tm e n t  by I .M . 
p e n i c i l l i n  and s u l p h a -  
d i a z i n e  had b e e n  d i s ­
c o n t in u e d  on 7 th  day .
S .a u r .+ + +  had been  
a c q u i r e d  i n  P .N . 
and A.N. on 1 9 th  
day . O rganism s 
were c o a g .+ v e .  
p e n . r e s .  S t i l l  
p r e s e n t  on 22nd 
day . On 8 t h  day 
S .a u r .+ + +  was 
p r e s e n t  b u t  n o t  
t e s t e d  f o r  p en . 
s e n s i t i v i t y .
A b b r e v i a t i  o n s :
P .N . = P o s t e r i o r  n o s e .
A.N. = A n t e r i o r  n o s e .
T. = T h r o a t .
+ = A sm a ll  number o f  o rg a n ism s
+++ = A l a r g e  number o f  o rg a n ism s
Coag.+ve r= C oag u la se  p o s i t i v e .
C o a g .-v e = C o ag u la se  n e g a t i v e .
P e n . s e n s . = P e n i c i l l i n  s e n s i t i v e .
P e n . r e s . = P e n i c i l l i n  r e s i s t a n t .
Pneumo. = Pneum ococcus.
S .p y o g . = S t r e p to c o c c u s  p y o g en es .
S. a u r . S ta p h y lo c o c c u s  a u r e u s .
Summary o f  ffinclingg f o r  S e c t i o n  2 , C h a p te r  2.
Summary o f  F i n d i n g s  f o r  S e c t i o n  2 ,  C h a p t e r  2 .
A* A c q u i s i t i o n  o f  f r e s h  pneum ococca l t y p e s  by 
ward p a t i e n t s .
B. A c q u i s i t i o n  o f  f r e s h  pneum ococca l t y p e s  by 
members o f  s t a f f .
C. A c q u i s i t i o n  o f  s t r e p t o c o c c u s  p y o g enes  by 
ward p a t i e n t s .
D. A c q u i s i t i o n  o f  s t r e p t o c o c c u s  p y o g en es  by 
t h e  members o f  s t a f f .
18 3 .
SUIvMABY OP FINDINGS 
A) . A c q u i s i t i o n  o f  f r e s h  pneum ococcal ty p e s  by ward - p a t i e n t s .
P a t i e n t s  a c q u i r i n g  one ty p e  o f  Pneum ococcus o n ly .
S e r i a l
Humber
o f
P a t i e n t .
Type o f  
Pneumo-  
c o cc u s  




c o c c u s  
a c q u i r e d .
D iag ram .
2










10 j 6 5 19
25 6 19





37 10 17 1
j
38 7 11 12 ;
46 23 9 18
48 4 x 8 17
53 U.T.T. 14 —
54 16 10 6
55 I 19 11 3.4









11 , 19 ,
1 8 4 .
P a t i e n t s  a c q u i r i n g  one t y p e  o f  Pn eu m ococeug  o n l y .  ( C o n t d . )
i S e r i a l  
Number 
o f
j P a t i e n t ,
|
....  ....  - ..... .... ■
Type o f  
Pneumo-  
c o cc u s  






c o cc u s  
a c q u i r e d .
j D iag ram .
i . . . . . .  i\ 1
I 73 23 11 1 18 j
76
6 11 19: !
?
79 33 11 16
80 23 12 18
82 17 13 9
88 22 13 15
92 10 5 13
94 6 14 19
98 6 17 19
99 6 17 19
104 23 17 18
106■ 6 19 19
107 33 19
16
109 22 21 15




1 8 5 .
P a t i e n t s  a c q u i r i n g  two t y p e s  o f  P n e u m o o o c o u s .
S e r i a l
Number
o f
P a t i e n t .
Type o f  
Pneumo- 
coccus  
a,c q u i r e  d.
Y/eek when 
Pneumo- 1 
c o cc u s  | 
a c q u i r e d .  :
D iagram .
i
| 9 3.5 3 i 10
] 19 9 ! 14
i 24i 2 6 *} 4 7 17
\ 30 7 6 12
1 33 7 16
i 3 6 19 7 14
! 21 8 11
I 3 9 4 7 17
) 23 11 18
i 4 i 7 8 12
24 9 7
j 47 6 9 19
j
22 9 15
j 49 9 8 5
!
3 10 12 13
J
1 59 10 9 13i
23 9 18








1 8 6 .
P a t i e n t s  a c q u i r i n g  two t y p e s  o f  P n e u ia o c o c c u s .  ( C o n t d . )
.  • 1 S e r ia l  |
I Number jr» 1 *■ Of j
1 P a t i e n t .  1 
" 1
j
Type of | 
Pneumo- j 
coccus ] 




ac q u ired .
Diagram.
83 17 12 9
21 13 11
84 6 15 19
11 22 3
91 7 14 1 2
21 15 11 1
100 15 17 10
10 18 13
1 8 7 .
ou.uuiiarj' o f  r e s u l t s  o f  t r a c i n g  t h e  s o u r c e  o f  t h e  a c q u i r e d  
t y p e  o f  pneuniococcus t o  t h e  o t h e r  p a t i e n t s  o r  to  t h e  
___________  members o f  s t a f f . ________________________
Group 1 .  Source  t r a c e d  t o  p a t i e n t  i n  a d j a c e n t  c o t .
Group 2. Source  t r a c e d  t o  a  p a t i e n t  i n  t h e  same d i v i s i o n
o f  t h e  w ard ,  b u t  n o t  i n  a d j a c e n t  c o t .
Group 3 .  Source  t r a c e d  t o  a  p a t i e n t  i n  a n o t h e r  d i v i s i o n
o f  t h e  ward.
Group 4 .  Source  c o u ld  n o t  be t r a c e d  t o  any o f  t h e  p a t i e n t s  
i n  t h e  ward.
Group A. Source  c o u ld  be t r a c e d  t o  a  member o f  s t a f f .
Group B. Source  u n l i k e l y  t o  be a  member o f  s t a f f ,  b u t
n o t  i m p o s s i b l e .
Group C. Source  c o u ld  n o t  be  t r a c e d  t o  any o f  t h e
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M’S1
R E M A R K S
3 14
1
_ 4 _ a
B C
1 1 2 ! *
2 24 *
!  i
!S t a f f  N o .9 i n  c o n t a c t  w i t h  the! 
[ p a t i e n t .  S t a f f  No. 9 c a r r i e d
■type 2 i n  Week 1 and a g a i n  i n  
Week 9 .
3 84 i l l  ;22 ! *! * P a t i e n t  N o .116 i n  t h e  a d j a c e n t  





: 4 8 ;l8
f
i 3 j * |
; j
j 1j i ! |* ' P a t i e n t  N o . l  was i n  t h e  
a d j a c e n t  c o t  f o r  1 day i n  
Week 2. P a t i e n t  N o . l  c a r r i e d  
ty p e  18 i n  Week 1.
1
; 5 5 49 : 9 1 8  | j !■* !i ! .*
; 6 ' 6 54 16
t " i —I 1 !
!i o  ! j
! !! * ii, 1 : :-5f
1 8 8 .
1
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Fh
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P a t i e i
1 12 3
.. i ,
i t s  1 S t a f f
r  .......
4 Ma b c1
| R E M A R K S
7 i! 7 ! 41 24 ; 9 * i j ; j*
8 1: s 58 42 ! 9 *■ i ; i* . . ! ! :
t
; 9 II  9
f1
82 17 ! 13 * ; ; ;* j P a t i e n t  N o .83 i n  t h e  a d j a c e n t  
[ d i v i s i o n  c a r r i e d  t y p e  17 i n  
[Week 12 .  P e r h a p s  N o .82 and 83 
•were i n f e c t e d  from t h e  same 
(unknown s o u r c e .
1 10 i i  9 83 17 12 > ■ * *
1
11 liio 9 15 1 3 * *
1 12 Hio ! 64 15 111 * * \ ;




; ! n 3 6 21 j 8 ! *
i
! ; * P a t i e n t s  N o s .27 and 38 ,  i n  
! : [ d i v i s i o n s  B & C r e s p e c t i v e l y ,  ; 
j ; I’c a r r i e d  t y p e  21 i n  Week 8.
M (Type 21 was a l s o  c a r r i e d  by 
M i lNo.38 i n  Week 7. 1
115 n i l 83 21 113 1 ; • i
KO 
r~1
j  i 91 21 115
t




h  ■ * P a t i e n t  N o .97 c a r r i e d  t y p e  21 1 
when a d m i t t e d  t o  t h e  a d j a c e n t  : 
( d i v i s i o n .  P a t i e n t  N o .91 
( acqu i red  t y p e  21 two days  
a f t e r  No.97 was a d m i t t e d .
| l 7
|




P a t i e n t  N o .15 c a r r i e d  t y p e  7 
•in Week 5.  A l th o u g h  i n  same 
( d i v i s io n  a s  P a t i e n t  N o .30,  he 
■was d i s m is s e d  t h e  day a f t e r  
‘t h a t  on ‘which N o .30 was 
( a d m i t t e d .






1 2 1 41 7 8 * P a t i e n t  No. 30 was i n  t h e
a d j a c e n t  c o t  t o  No,4 1  i n  Week 
7 f o r  4 d a y s .  Type 7 was 
c a r r i e d  by N o .30 i n  Week 6 
b u t  n o t  i n  Y/eek 7.
201 12 I 9 1 i 7 ; 14 * *
211! 13 ! 49 ; 10 i 12K ! ■ ;
;
\\ ! ; :
I i
I i !\ *  H S t a f f  N o .29 was i n  c o n t a c t  
w i t h  t h e  p a t i e n t  b u t  was 
swabbed o n ly  once ( i n  Week 11) 
when he c a r r i e d  t y p e  10 .  
T h e r e f o r e  i t  i s  p o s s i b l e  t h a t  
he c a r r i e d  t y p e  10 i n  Week 12.
22 13 j 59 10 9 s •56- S t a f f  N o .29 was i n  c o n t a c t  
w i t h  t h e  p a t i e n t  b u t  was 
swabbed on ly  once ( i n  Week 11) 
v/hen he c a r r i e d  t y p e  10 .  •
H j j | | j' j ( T h e r e f o r e  i t  i s  p o s s i b l e  t h a t  
H ! ( ; , ( ' l !  \ : he c a r r i e d  t y p e  10 i n  Week 9 .
23jS 13 ! 92
!! i 
' ;
10 115 j ; i * *  S t a f f  N o . 2 9  s t i l l  i n  o c c a s i o n -  
( a l  c o n t a c t  w i t h  t h e  p a t i e n t s  
■ I a l t h o u g h  n o t  b e i n g  swabbed.LJ-J--- ................ v ■ "4
24|j 13 ICO
H :




; ; ' j 




* ; S t a f f  N o . 2 9  s t i l l  i n  o c c a s i o n - .  
| | I a l  c o n t a c t  w i t h  t h e  p a t i e n t s  
( ( a l t h o u g h  not b e i n g  swabbed.
251! 1 4 !  9 19 3 j * * ( P a t i e n t  N o .44 i n  t h e  a d j a c e n t  ; 
| c o t  c a r r i e d  t y p e  19 i n  Weeks 
! 7» 8 and 9 .  P a t i e n t  N o .42 i n  
; th e  same d i v i s i o n  a l s o  c a r r i e d  
j ty p e  19 i n  Weeks 7» 8 and 9 .
26; 14 ! 36 19 ! 7 * P a t i e n t  N o .33 i n  t h e  a d j a c e n t  
I ’d i v i s i o n  c a r r i e d  t y p e  19 i n  
; (Weeks 6 and 7. P a t i e n t s  Nos.
I (40 and 44 i n  t h e  o t h e r  
■ ( a d j a c e n t  d i v i s i o n  c a r r i e d  t y p e  
j 119 i n  Weeks 6 and 7 r e s p e c t -  
I j i v e l y . __________ _ ________________
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P a t i e n t s :  !S t a f f  :
  T" i ! : f~i i -" ' :
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* P a t i e n t  No .42 i n  t h e  a d j a c e n t  
c o t  c a r r i e d  t y p e  19 i n  Weeks 
|8, 9 and 1 0 .  P a t i e n t s  Nos. 9 
land 44 i n  t h e  same d i v i s i o n  
I c a r r i e d  t y p e  19 i n  Weeks 9 ,  10 
land 11 .
28 M 14 64 | 19 114 I r !* I* (A p a t i e n t  i n  each  o f  two o t h e r  
jdi v i s i o n s  c a r r i e d  t y p e  19;  
p a t i e n t  N o .68 i n  Week 13 and 
P a t i e n t  N o .55 i n  Weeks 13 and 
i l4 .
29 : 15 2 j 22 2 I * P a t i e n t  N o .7 i n  t h e  same
; d i v i s i o n  was a d m i t t e d  c a r r y i n g :  
t y p e  22 i n  7/eek 2.  P a t i e n t  No. 
>2 a c q u i r e d  ty p e  22 two days  
l a f t e r  N o .7 was a d m i t t e d .
30 11 15 47 I 22 ! 9 :S t a f f  N o .24 a c q u i r e d  ty p e  22 
jin Week 9 .  I t  i s  t h e r e f o r e  
i p o s s i h l e  t h a t  S t a f f  N o .24 







00CO 22 13 ; * * P a t i e n t  N o.90 i n  t h e  a d j a c e n t  
B i v i s i o n  c a r r i e d  ty p e  22 b o t h  
i n  Week 12 and Week 13.




16 3°  j 33 7 | i *; : ; * Type 33 pneumococcus was I s o l a t e d  from t h e  d u s t  n e a r  
It h i  s p a t i e n t 1 s c o t  i n  Week 7.
34 1 6 :
;
.-  ■ >
79 j 33 11 : ; * | * P a t i e n t  N o .76 i n  t h e  a d j a c e n t  
d i v i s i o n  A i n  Week 10 and i n  
d i v i s i o n  B i n  Week 11 ,  c a r r i e d  
ty p e  33 i n  b o th  weeks .
3 5 : 16 1071 33 19 ; * l.L- *
| 36
.1 j :1 i: { ,
• /•
16 : r u| 33 2 2 j *
f 1 h • :i ; 1 j j j ;
| I i :






I n  Week 21 P a t i e n t s  h o . 114 and 
107 were  moved t o  a d je ,ce n t  
c o t s .  P a t i e n t  h o . 107 c a r r i e d  
t y p e  33 i n  Week 21 a l t h o u g h  
n o t  i n  Week 22.
1 37. 17 j 24
1





! 36.j  »I i  
!» )=\ r








 ^ J 1
: *
i:
. . . .  i
P a t i e n t s  h o .  24 and 39 i n  t h e  
two a d j a c e n t  c o t s  t o  h o . 34 
c a r r i e d  ty p e  4 i n  Week 7 and 
h o . 39 s t i l l  c a r r i e d  ty p e  4 i n  
Week 8 ,
r
5 391 17 37 4: 10 j 1 *  i * P a t i e n t  h o . 39 i n  t h e  a d j a c e n t
’ I. '• j ! 1 [ d i v i s i o n  c a r r i e d  t y p e  4 i n
i _ _ _ _ _ _ _ | i . i . . I ' j  ; Weeks 8 t o  12 i n c l u s i v e .T  1 1 ' • ! '
I 40 f 17! 39
1
4 7; * ;
:
: * P a t i e n t  h o . 24 i n  t h e  seme
■ I
j i ;■ !■ d i v i s i o n  a c q u i r e d  ty p e  4 f i v e
j 1
j 1 !  •
days  b e f o r e  t y p e  4 was 
i s o l a t e d  from h o . 39 .  T h e r e f o r e  
P a t i  e n t  h o . 2 4  may have i n f e c  t e d  





i n f e c t e d  from t h e  same unknown 
s o u r c e .
1  4 1 11 -  \\ 17 i  48 4
*  j * I n  d i v i s i o n  A ( n o t  a d j a c e n t ]  
P a t i e n t  h o . 39 i n  Weeks 7 and 8 ,
! ’ [ho*24 i n  Week 7 and h o . 34 i n  
Week 8 c a r r i e d  ty p e  4.
i  42 j ! 17 110 4- 21 i * *
3  ^
j  43. 1 8 : 39 23 ; l l j * ■ j .' [P a t i e n t  h o . 74 i n  t h e  a d j a c e n t  'co t  and P a t i e n t s  ho .  69 and 70
: [in t h e  same d i v i s i o n  c a r r i e d
, t y p e  23 i n  Weeks 10 end 11 .
j: : ; • S t a f f  ho .  17 c a r r i e d  t y p e  23 i n
.iWeeh 1 1 »
4 4 :.; 2.81 46 23 9 * * j P a t i e n t  ho.  51 i n  t h e  o p p o s i t e '
c o t  ( d i v i s i o n  0 ) c a r r i e d  ty p e  
23 i n  Weeks 7? 8 and 9 .  S t a f f  
; h o . 17 a c q u i r e d  t y p e  23 i n  t h i s
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 ..... ......  j ! ...........
t i e n t s j !  S t a f f
 r  i.
2 ;3 4
R R K S
MX B
45 18 ; 59 23 ! * [ P a t i e n t  No. 54 i n  t h e  a d j a c e n t  
jcot  c a r r i e d  t y p e  23 i n  Week 8 
| a l t h o u g h  n o t  i n  Week 9 .  
(P rev ious  o c c u p a n t  o f  N o . 5 9 ’ s 
jcot  a l s o  c a r r i e d  t y p e  23. 
j S t a f f  No. 17 a c q u i r e d  t y p e  23 
I t h i s  week.
4 6 f  18 j 60 j 23 i 101 i*
4 7 j 18 73 j 23 111 *
[ P a t i e n t  No. 71 i n  t h e  o p p o s i t e  
p o t  ( d i v i s i o n  D) c a r r i e d  t y p e  
[23 when No. 60 was t r a n s f e r r e d  
jto t h i s  d i v i s i o n .  P r e v i o u s  
jo coup a n t  o f  No. 6 0 f s c o t  a l s o  
[ c a r r i e d  a t y p e  23.  (Not  
I n f e c t e d  i n  d i v i s i o n  A -  see  
[da tes  i n  d i a g r a m ) .  S t a f f  No. 
17  was i n  c o n t a c t  w i t h  t h e  
[ p a t i e n t  and c a r r i e d  t y p e  23 
[in Weeks 9 and 1 1 . _____________
P a t i e n t  N o .71 i n  t h e  a d j a c e n t  
p o t  c a r r i e d  t y p e  23 i n  Week 9 
[but n o t  i n  Week 10 o r  11. 
P a t i e n t  N o .60 i n  t h e  o p p o s i t e  
c o t  c a r r i e d  t y p e  23 i n  Week 
1 0 .  There  were numerous 
b a r r i e r s  o f  t y p e  23 i n  t h e  
[ ad ja ce n t  d i v i s i o n s . _________ ___
4 8 1; 18 80 i 23 | 12?* p a t i e n t  N o .70 i n  
p o t  c a r r i e d  t y p e  23 
11  and 12 .  I n  Week
the a d j a c e n t  
i n  Weeks 
11
P a t i e n t s  
t h e  same 
t y p e  23.
No. 39,  69 
d i v i s i o n  ci
a l s o  
and 74 
a r r i e d
m
j 49: 18 104 23 : 17 * P a t i e n t  N o .104 was swabbed i n  
Week 17 on t h e  day o f  t r a n s f e r  
t o  d i v i s i o n  C from d i v i s i o n  A 
; where he must  have  a c q u i r e d  
: t h e  ty p e  23 pneumo. There
were no c a r r i e r s  o f  ty p e  23 
i n  d i v i s i o n  A.


















°S  P a t i e n t s 1 S t a f f E 3 M A R E S
a g  m o  f i  >?§ 1 2 3 4 |;A 3 C
50 i119 ;10 i 6 U * j P a t i e n t  N o .17 i n  t h e  same 
!d i v i s i o n  c a r r i e d  t y p e  6 i n  
jWeeks 4 and 5.  P a t i e n t  No.
112 i n  t h e  a d j a c e n t  d i v i s i o n  
!c a r r i e d  t y p e  6 i n  Weeks 4 
|and 5. S t a f f  No*14 c a r r i e d  
I t y p e  6 i n  Week 5.____________
51 1119 I 25 61 i j? * j P a t i e n t s  N o .12 and 26 i n  t h e  
|same d i v i s i o n  c a r r i e d  ty p e  6 
Sin Week 5. P a t i e n t  No.13 i n  
j th e  o p p o s i t e  c o t  c a r r i e d  t y p e  
16 i n  Weeks 3 and 6. S t a f f  
■:No.14 c a r r i e d  t y p e  6 i n  Week 
16.
52 j119 31 8 ] * I! * P a t i e n t  N o .17 i n  t h e  o p p o s i t e  
jco t  c a r r i e d  t y p e  6 i n  Weeks 7 
:and 8. I n  t h e  same d i v i s i o n  
No.26  c a r r i e d  t y p e  6, t h r e e  
(days, and N o .55,  two days  
ib e fo re  N o .31 a c q u i r e d  t y p e  6, 
; S t a f f  No.14 c a r r i e d  ty p e  6 i n  
Week 8.
53 11 9  47 1 6  1 9 1*
j-------- H--- j------- ' 1 H “
! 54 I; 19 i66 ■ 6 111! *
( P a t i e n t  N o .52 i n  t h e  a d j a c e n t  
loot  c a r r i e d  ty p e  6 i n  Weeks 7 
land 8.  P a t i e n t  N o .45 i n  t h e  
:same d i v i s i o n  c a r r i e d  t y p e  6 
| i n  Weeks 8 and 9 .  S t a f f  No. 
.14 c a r r i e d  t y p e  6 i n  Week 9 .
( P a t i e n t  No.6 7  i n  t h e  same 
^ d iv i s io n  c a r r i e d  t y p e  6 i n  
-Week 10 .  I n  t h e  o t h e r  
;d i v i s i o n s  t h e r e  were s e v e r a l  
• c a r r i e r s  o f  t y p e  6. S t a f f  
iNo.14 c a r r i e d  t y p e  6 i n  
-Week 11.
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1 2 3 4 : -l B b3 !  cd
R M A R E S
55 i '  19 I 68 6 ! 11 \* I n  Week 10 t h e  o t h e r  t h r e e  
jo ccu p an ts  o f  d i v i s i o n  I) (No. 
67, 71 and 73) c a r r i e d  t y p e  6. 
I n  Week 11 No. 67 i n  t h e  
• a d ja c e n t  c o t  and  N o .71 i n  t h e  
I same d i v i s i o n  c a r r i e d  t y p e  6. 
■Staff No. 14 c a r r i e d  t y p e  6 i n  
Week 11 .
56 h 19 I 76 i 6 l  11{* i P a t i e n t  No. 45 i n  t h e  a d j a c e n t  
jcot  c a r r i e d  t y p e  6 i n  Weeks 
[10 and 11 .  I n  Week 10 ,  
j P a t i e n t s  No. 17 and 55 i n  t h e  
t am e  d i v i s i o n  c a r r i e d  t y p e  6. 
i S t a f f  No. 14 c a r r i e d  ty p e  6 i n  
Week 11 .
57 v 19 ! 84 ! 6 ; 15 * j P a t i e n t  N o.95 i n  the- o p p o s i t e  
jcot c a r r i e d  t y p e  6 i n  Weeks
;14 and 15 .  I n  
No.9 4 ,  a l s o  i n
Week 14 P a t i e n t '  
t h e  same
‘-------n------ :-------f
j 58 ji 19 ! 94 j
1 ?■ ' 1 
\ :l I
6 i 14 i* I i * j P a t i e n t  No.95 i n  t h e  a d j a c e n t
: jcot  c a r r i e d  t y p e  6 when 
j ^admitted 4 d ays  p r i o r  t o  No.
5 ?1 i ) i: • j ; ; 194 a c q u i r i n g  t y p e  6.
1 59 ?! 19 ■! 98 j 6 1 17 P a t i e n t  N o .84 i n  t h e  a d j a c e n t  
^ d iv i s io n  c a r r i e d  t y p e  6 i n  
Week 16 h u t  n o t  i n  Week 17 .  
P a t i e n t  No.99 i n  t h e  a d j a c e n t  




i j. . .....j " —*
\ i
19 99 : 6 17 * 1 * P a t i e n t  N o.84 i n  t h e  o p p o s i t e  c o t  c a r r i e d  t y p e  6 i n  Week 16 
b u t  n o t  i n  Week 17.
i 6 1 !: 19 106 6 19 * * 'P a t i e n t  No.99 i n  t h e  a d j a c e n t  d i v i s i o n  c a r r i e d  ty p e  6 b u t  
■was d i s m i s s e d  b e f o r e  No.106 
was a d m i t t e d .
j 62 P a t i e n t  N o . 5 3  a c q u i r e d  a pneumococcus which was u n - t y p a b l e . 
No s o u r c e  c o u ld  t h e r e f o r e  be found f o r  i t . . . , ----------------------------- -
1 9 5 .
SIMvlART OP FINDINGS. ( C o n t d . )
B ) . A c q u i s i t i o n  o f  f r e s h  pneumococcal  t y p e s  by members o f  
_ _ ______  t h e  s t a f f .
! .* ..  " ' ' '
I S e r i a l  
Kumber 
o f
I S t a f f .  .
Type of  
Pneumo- 
coccu s  
acq u ired .. .... ; I
Week when 
Pneurno- 
co ccu s  
a cq u ired .
Diagram.
i
ii 10 3 13I
t
i 6 10 19' t
1 .6 
i
22 22 15 j
. 29 10 20 |
1 11 6 4 19
113 18 9 4 !J
! 12i 14 3 20
1 13 • 6 9 19
1
14




15 5 : 1
i 17 23 9 18 !









! 24 22 9 15 |
\ 24 35 15 20 jI
\ 28 35
1 3  ;
20
S 31 37 13 ;
_______ _____________ ____ ___ ,J
20
1 9 6 .
SU1MARY OF FINDINGS. ( C o n t d . )
A c q u i s i t i o n  o f  f resh ,  pneumococcal  t y p e s  by  members o f  t h e  s t a f f .
S e r i a l  s Type o f  
Number Pneumo- 
o f  I c o c c u s  
S t a f f .  | a c q u i r e d .
\7eek when 
Pneumo- 
c o c c u s  
a c q u i r e d .
D iag ram .
1
zf
33 | 2 15 2




..... -...-1 ...... • - —. . - - -
Summary o± r e s u l t s  o f  t r a c i n g  th e  so u rc e  o f  t h e  a c q u i r e d  
oype o f  pneumococcus t o  t h e  p a t i e n t s  o r  t o  o t h e r  members 
  ________   ..   o f  s t a f f .
Group 1 .  Source p r o b a b l y  a  p a t i e n t .
Group 2. A p a t i e n t  c o u ld  be e x c lu d e d  a s  t h e  s o u r c e .
Group A. A no th e r  member of  s t a f f  m ig h t  be t h e  s o u r c e .
Group B. A member o f  s t a f f  c o u ld  be e x c lu d e d  a s  t h e  s o u r c e .
!i O .J tgs Sh
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P a t i e n t  N o .85 c a r r i e d  ty p e  2 | 
i n  Weeks 12 t o  15 i n c l u s i v e .  jIl
l 2
:
i 3 ! 23 i 11; 9 *
|ii!i
* P a t i e n t  N o .61 c a r r i e d  ty p e  11 















* P a t i e n t  No.9 c a r r i e d  ty p e  15 
i n  Weeks 3 aud 4 th ou g h  n o t  
i n  We ek 5 . i
'
5 10 ! 14
1















* P a t i e n t  N o .119 c a r r i e d  ty p e  ! 
21 b u t  was a d m i t t e d  a f t e r  
ty p e  21 was i s o l a t e d  from  ; 
S t a f f  N o .35.  :
7 : 13ij 1
| ---
i i o 3










I * P a t i e n t  No.109 a c q u i r e d  ty p e
j22 i n  Week 21 b u t  was 
jd ism is sed  b e f o r e  S t a f f  N o .6 
[was found  t o  have a c q u i r e d  
jtype 22 i n  Week 2 2 .__________
19  8
j j! 1 •; o • i •
f--- H ...o
j ! S's i ru
• a <H 1 <D <HH L.. .
; fh CO ; i—1 cd : u 003 r<D u : cd-p •H •H p_i s CiD •HDD 1 <D pj A d
'■ H ■ cd • : Fh ; ftCJ1i >>o d)D!!---! p •HO : oxh 0)0 ii 12; ; ^ a DDO : pi m3 i
GROUPS
/ b ie n t s  
1  2
[ S t a f f  
; A 13
■n TP T..T A±1 J_J 1VX JTI R K
9  H 1 5  1 2 4  j 2 2  9
a ; i '
a I !a c i
* j; ;* P a t i e n t  No. 47 a c q u i r e d  t y p e  22 
h | i n  Week 9 and may have 
j; [ i n f e c t e d  S t a f f  No. 24. The 
S: i c o n v e r s e  i s  e q u a l l y  p o s s i b l e .
10
; ■ j
j 1 8  i 1 5  j 23  7
i \ i« 1 ; i ; i
; : Ii - I ....  1
*
1 ! !
| '  * P a t i e n t s  No. 23, 28, 49 and 51 
j; c a r r i e d  t y p e  23 i n  Week 7 and 
| |  !No. 21, 23, 28 and 37 c a r r i e d  
h i ’t y p e  23 i n  Week 6.
1 1 i 1 8  j 1 7  1 23  : 9
I I I !
i  ’ *1 i i .
1 i 1 :
* li I I| ! |* j P a t i e n t s  No. 46, 51,  59, 69, 
j: • 170 and 71 c a r r i e d  t y p e  23 i n  
6 j jWeek 9 and N o .51 end 54 : 
I! ! | c a r r i e d  t y p e  23 i n  Week 8.H j I i |
1 2 ij 1 9  j 1  | 6 1 1 0  *
II r  ! - I
I i I i !
i: | j
r *|* j P a t i e n t s  No. 17,  45, 55, 67, 
j: 1 171 and 73 c a r r i e d  t y p e  6 i n  
j- [Week 10 and N o .17 ,  43, 45, 47, 
j; | 155, 67 and 71 c a r r i e d  ty p e  6 
ij ! j i n  Week 9 .
1: | ! S t a f f  N o.14 was a  c o n s t a n t  
|i | j c a r r i e r  o f  t y p e  6.
............ !; ..... ...................
1 3 :| 1 9  i 1 1 ! 6 i 4 : ■*
|  i ! M
!j ! ! ! I} i i i !< > ; s [ i : ?
li > I
j! * ; j P a t i e n t s  No. 13 snd 17 c a r r i e d  
]; | ;type 6 i n  Week 4 and No, 12 and 
li ! 113 c a r r i e d  ty p e  6 i n  Week 3.  
j| j [ S t a f f  No. 14 was s. c o n s t a n t  
!j : [ c a r r i e r  o f  t y p e  6.
-------f?- ............j.... ; j
1 4 H 1 9 ! 1 3 • 6 ; 93  . *! j i i > ?
1 i ! j f j l |
i____ !i____:......i \--------------------
1! i i
(I *! [ P a t i e n t s  No. 17 ,  43, 45, 47,
)'• \ 55, 67 and 71 c a r r i e d  t y p e  6 
si i n  Week 9 and No. 17 ,  26,  31 ,  
li ! j 43, 45, 52 and 55 c a r r i e d  t y p e  
1; i : 6 i n  Week 8.
\l I ; S t a f f  No.14 was a c o n s t a n t  
3 ; • c a r r i e r  o f  t y p e  6.
! 15!: 19 i s 8 ! P a t i e n t s  No, 17,  26, 31,  43,45, 52 and 55 c a r r i e d  t y p e  6 
i n  Week 8 and No. 17 ,  43, 45 
and 52 c a r r i e d  ty p e  6 i n  Week 
7.  S t a f f  N o .14 was a c o n s t a n t  
c a r r i e r  o f  t y pe 6._______________
u0&
22u
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s ^
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19| 1 20 i 24; 35; 15
! : . I I
Ij 1 1* |i * ;  -S ta f f  No. 24 may have a c q u i r e d  j 
M t y p e  35 from S t a f f  No.2o who 
!j h a r r i e d  t y p e  35 i n  Week 13 j 
li .! o n ly .  ......... i
20 20 : 28 35 13
' :
* ! * j












:*  j P a t i e n t  N o.94 c a r r i e d  t y p e  14 
j (in Y/eek 16 and had  p r e v i o u s l y  ( 
1 ( c a r r i e d  i t  i n  Week 13 .  1
2 0 0 .
SUMMARY OF FINDINGS
^ )•  A c q u i s i t i o n  o f  S t r e p t o c o c c u s  p y ogenes  by  ward p a t i e n t s .
(Diagram 2 1 ) .
Summary o f  r e s u l t s  o f  t r a c i n g  t h e  s o u rc e  o f  t h e  a c q u i r e d  
s t r e p t o c o c c u s  to  a p a t i e n t  o r  t o  a  member o f  s t a f f .
Group 1 . Source t r a c e d  to  t h e  p a t i e n t  i n  t h e  a d j a c e n t  c o t .
Group 2. Source t r a c e d  to  a  p a t i e n t  i n  t h e  same d i v i s i o n  b u t  
n o t  i n  t h e  a d j a c e n t  c o t .
Group 3. Source  t r a c e d  t o  a  p a t i e n t  i n  a n o t h e r  d i v i s i o n  o f  
t h e  ward.
Group 4. Source  c o u ld  n o t  be t r a c e d  t o  any o f  t h e  p a t i e n t s  i n  
t h e  ward.
Group A. Source  c o u l d  be t r a c e d  t o  a  member o f  s t a f f .
Group B. Source  u n l i k e l y  t o  be a  member o f  s t a f f  b u t  n o t  
i m p o s s i b l e .
Group C. Members o f  s t a f f  n o t  swabbed i n  t h i s  week.
it Sm all  number o f  o rgan ism s  a c q u i r e d .
H +.jJ» Many o rg an ism s  a c q u i r e d .
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! * S t a f f  No.10 c a r r i e d  S . p y o g . i n  ■ 
Weeks 1 and 3 th o u g h  n o t  i n  ’ 
Week 2.
No o t h e r  p a t i e n t s  c a r r i e d  
s . p y o g . ..... ................. ................................................... . _J
CM I 5 ! 9 




t  I ; : 
++ i
i ii 1 
1 1
*  *  
*  *  
*  *
Pive  members o f  s t a f f  c a r r i e d  ; 
S .pyog .  t h i s  week, 3 o f  whom 
c a r r i e d  i t  f o r  t h e  f i r s t  t im e . :  
S t a f f  No.13 c a r r i e d  S . p y o g . ++ ; 
i n  Weeks 3 , 4 , 6  and 7. No o ther ;  
p a t i e n t s  c a r r i e d  S .p y o g .  i
5 j 11 UJ CO + 1j
i .* ?; ; * 
i
6 : 11 ! 58 j i+ i *: | : *
7 1 11 67 !
1
+ I * ; ; *
These 3 p a t i e n t s  were i n  t h e  
ward h u t  i n  d i f f e r e n t  
d i v i s i o n s  t o  P a t i e n t  h o . 42 
when she d e v e lo p e d  s c a r l e t  
f e v e r  i n  Week 10 .  S ix  members 
o f  s t a f f  c a r r i e d  S .p y og  . t h i s  
week, 4 o f  whom c a r r i e d  i t  
f o r  t h e  f i r s t  t i m e .
I n  Week 10,  P a t i e n t  h o . 55 
was i n  t h e  a d j a c e n t  c o t  t o  
P a t i e n t  ho.  42 when she 
d e v e lo p e d  s c a r l e t  f e v e r .  The 
s t a f f  s i t u a t i o n  was a s  s t a t e d  
f o r  P a t i e n t s  h o . 39? 58 and 67
I n  Week 11 ,  P a t i e n t  h o . 49 
was i n  t h e  same d i v i s i o n  a s  
P a t i e n t  h o . 55 who c a r r i e d
s.pyog...
I n  Week 11,  P a t i e n t  h o . 53 was 
i n  a n o t h e r  d i v i s i o n  t o  P a t i e n t  
h o . 55 who c a r r i e d  S .p y o g .  I n  
Week 1 2 , however ,  P a t i e n t  ho .
53 was i n  t h e  same d i v i s i o n  
a s  P a t i e n t  h o . 87, who c a r r i e d  
S.pyog.  on a d m i s s io n ,  t h r e e  
days p r i o r  t o  P a t i e n t  h o . 53 
a c q u i r i n g  S .p y o g .________________
I n  Week 10,  P a t i e n t  h o . 64 was 
i n  th e  same d i v i s i o n  a s  P a t ­
i e n t  h o . 42; i n  Weeks 10 and 
11 i n  t h e  same d i v i s i o n  a s  
P a t i e n t  h o . 55 who a c q u i r e d  S. 
pyog. i n  Week 11. I n  Week 12 
P a t i e n t  h o . 64 was i n  t h e  same 
d i v i s i o n  a s  P a t i e n t  h o . 87 who 
c a r r i e d  S.pyog. on a d m is s io n  
t h r e e  days  p r i o r  t o  P a t i e n t  
h o . 64 a c q u i r i n g  S .p y o g .  ___
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P a t i e n t s  I S t a f f R E M A R K S
1 2  3 4 AjB C
12 | 12 6 8  i #- I n  Week 11,  P a t i e n t  No. 68 was 
i n  t h e  a d j a c e n t  c o t  t o  c a r r i e r  
P a t i e n t  N o .67. Both  were 
t r a n s f e r r e d  t o  a n o t h e r  
d i v i s i o n  w he re ,  t h r e e  days  
l a t e r ,  P a t i e n t  No. 68 was 
found  t o  have a c q u i r e d  S .p y o g .  
There were o t h e r  c a r r i e r s  i n  
t h i s  d i v i s i o n ,  however .
13 1; 13 84
4— t-
There were numerous c a r r i e r s  
i n  t h e  o t h e r  d i v i s i o n s .  Seven 
members o f  s t a f f  c a r r i e d  S. 
pyog.  t h i s  week, f o u r  o f  whom 
c a r r i e  d i t  f o r  t h e  f i r s t  t i m e .
14 li 13 88 ++ i * P a t i e n t  No.88 was i n  t h e  same 
d i v i s i o n  a s  t h r e e  c a r r i e r s  o f  
p a t i e n t s  N o .53>64 ando . p y o g ,
93* Seven members o f  s t a f f  
c a r r i e d  S .pyog. t h i s  w e e k , f o u r  
f o r  t h e  f i r s t  t im e .
S !
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U l  i
; P a t i e n t  N o .85 was i n  sane 
; d i v i s i o n  a s  P a t i e n t  N o .84,  i n  
; Week 13 ,  when N o .84 c a r r i e d  
; S .pyog .
; Pour  o f  t h e  s t a f f ,  c a r r i e d  S.
- f i..... ... i
5 • ; _Lj—:--- i—! p y o g . t h i s  week.1! .....IT| !
| 16 !Itt£! ?









t I I f
! i M
—  ; :  ■ j 1
n ■ *■; ! P a t i e n t  N o .86 was i n  t h e  ad ­
j a c e n t  c o t  to  P a t i e n t  No. 84 
j when he c a r r i e d  S . p y o g . i n  
| Week 13* F o u r  o f  t h e  s t a f f  
i c a r r i e d  S . p y o g . t h i s  week.






* P a t i e n t  No.92 was i n  th e  sane  
d i v i s i o n  a s  were 4 c a r r i e r s
o f  S.pyog. ,No. 53 > 6 4 ,08  and 93 
i n  Week 13. No.93 was i n  t h e  
a d j a c e n t  c o t .  Pour  o f  th e  
s t a f f  c a r r i e d  S.pyog. t h i s  
we e k .
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18 i 16 : 90 +■ ■if I n  Week 15 ,  P a t i e n t  No. 90 was 
i n  tlie  a d j a c e n t  c o t  t o  c a r r i e r  
P a t i e n t  No*85. P a t i e n t  N o .84 
was i n  t h e  same d i v i s i o n  
a l t h o u g h  n o t  a c a r r i e r  i n  
Week 15.  Two members o f  s t a f f  
c a r r i e d  S .p y o g .a n d  a n o th e r ,N o .  
14,  a c q u i r e d  S ,py o g .+ +  t h i s  
we e k .
19 li 16 ! 91 I n  Week 15, P a t i e n t  N o .91 was 
i n  th e  same d i v i s i o n  a s  c a r r i e r  
P a t i e n t  N o .85 and P a t i e n t  N o ,84 
who o c c a s i o n a l l y  c a r r i e d  S.pyog,  
Two members o f  s t a f f  c a r r i e d  S. 
p y o g .a n d  a n o t h e r ,  No.14 











These 2 p a t i e n t s  were i n  t h e  
same d i v i s i o n  a s  P a t i e n t  No.
90 who c e r r i e d  S . p y o g . on 
s e v e r a l  cc c a s i o n s  i n c l u d i n g  
Week 19 .  Pour members o f  
s t a f f  c a r r i e d  S . p y o g . t h i s  week
2 2  l i  2 1  * 1 0 1 P a t i e n t  N o .101 was i n  same 
d i v i s i o n  a s  P a t i e n t s  N o . I l l  
and 112 who c a r r i e d  S . p y o g . i n  
Week 20. O th e r  c a r r i e r s  
p r e s e n t  i n  a n o t h e r  d i v i s i o n .  
Three members o f  s t a f f  c a r r i e d  
S.pyog.  t h i s  week ( N o .36 
c a r r i e d  S . p y o g . ++)._____________
23 H 22 | 113 * i* P a t i e n t  No.113 was i n  th e  a d ­j a c e n t  c o t  to  No.98 who c a r r i e d  
S .p y o g .++ i n  Y/eek 2 2 0 F iv e  
members o f  s t a f f  c a r r i e d  S. 
pyog .( tw o  o f  them had S .p y o g .
+ +)  .  ;
204.
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* P a t i e n t  No. 114 was in  the  same 
: d iv is io n  as P a t i e n t  No.84 who 
o c c a s io n a l ly  c a r r i e d  S.pyog. 
b and d id  so in  Week 26. 
i ( P a t i e n t  No.114 acq u ired  S. 
i p y o g .a f te r  6 weeks in  th e  ward 
j and he d id  so when moved to  
' D iv is io n  A w ith  P a t i e n t  No. 8 4 ) .
| 25 || 27 | 128 1 ++ j*j j
1 H ! f 1 1 1
f 1• l j i
1 (
i!
" t '"r ■■ ■ - ■
j* ! P a t i e n t  No.128 was in  the  ad- 
I | ja c e n t  co t to  P a t i e n t  No. 114 
I j who acqu ired  S.pyog. in  Y/eek 26.
— and t h e  f o l l o w i n g  seven  o t h e r  i n s t a n c e s ,  ( a )  P our  p a t i e n t s  who 
a c q u i r e d  S . p y o g . ++ h u t  had c a r r i e d  S . p y o g . + p r e v i o u s l y ,  (h )  Three  
p a t i e n t s  who were found  t o  he c a r r y i n g  S .p yo g .  a g a i n  a f t e r  f i v e  o r
more weeks w i t h o u t  i t .
V£>C\J 8 j 41 ! ++ i : ■
: I ; • 1 ! 1 ; : :
! 1 : : :
! 1 i i ;
! 1 M ii ! i }
1! 1 * | i *
[ ; 1
; ! 1 
; ; \
\
j Im probab le  t h a t  i n f e c t i o n  came 
1 from any o t h e r  p a t i e n t .  S t a f f  
1 No.13 however c a r r i e d  S .p y o g .  
j ++ i n  Week 7 and y e t  a n o t h e r  
i member o f  s t a f f  c a r r i e d  S.
i p p o g - + . . . . . . . . . . . . . . . . . . . . . . . . . .
O-<M 10 42 
|( sca r !
I1
--------1— 1—‘-[•■-■j | <
++ j j | j* ;j 5*! | No so u rce  amongst th e  p a t i e n t s  
e t  f f e v i r j  i H ! ! 1 i s  p r o h a h l e .  S t a f f  N o .13 s t i l l  
j j M  :j | M  i n  ward h u t  no l o n g e r  a  c a r r i e r  
j j ij M  I Three members o f  s t a f f  c a r r i e d
1 1 ! M !  ! M  S .pyog .  .
C
OCM 18 i 98
i
j
i ! I I !  i j
j j ; : * p  j * f | T h is  p a t i e n t  had c a r r i e d  S. ^
| i ! h j 1 pyog each  week s in c e  a d m i s s io n .  
I 1 ; i| | | Pour members o f  s t a f f  c a r r i e d  
i | M  N M  ; S .py o g .  __
205.
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m © | GROUPS
° i S  IPa-fcientsI[Staff  ! R E M A R K S• P h ~..................j: ...  ;O i>»H ; • | ■ j |
i l  2 3 14 11A iB 10 ; !
i 1 ' 1 
29 ! 23 | 124: :  i
;: i 1: i : ; j
: : 1 |
+4- j ! j* H |*j ! T h is  p a t i e n t  had  c a r r i e d  S. j 
j j ji | j | p y o g . i n  Week 22. Only two I 
■ M  j | members o f  s t a f f  c a r r i e d  S. j 
; 1 M  pyog .  Not i n f e c t e d  from j 
! 1 : | j P a t i e n t  No.121 who l o s t  S. j 
| 1 !• ; ! 1 pyog.when t r a n s f e r r e d  t o  | 
! D i v i s i o n  D. ■
30 j! 12 I 9 j + .  :*'! ! [; |* j  In  Week 11,  t h e s e  p a t i e n t s  
|j } | M  N  M  were i n  D i v i s i o n  B where
31 i 1 12 ! 45 1 + 1  *M ! !i • P a t i e n t  No. 55 c a r r i e d  S .p y o g .*—n-------- 1---------














i T ; i
| 1*; ; T h is  p a t i e n t  had c a r r i e d  S.
1 i i pyog .on  two o c c a s i o n s  b e f o r e  
;; | j 1 b u t  t h e  l a s t  one was 7 weeks 
M ; I 1 p r e v i o u s l y .
! M  ! i I n  Week 22, P a t i e n t  N o .84 was !
jl ; ! [ i n  th e  same d i v i s i o n  a s
ii ! ! 1 P a t i e n t  No.121 who c a r r i e d  S.
|j i j i pyog. O th e r  c a r r i e r s  were
|j | 1 j p r e s e n t  i n  t h e  o t h e r  d i v i s i o n s . :
jj i | j Only two members o f  s t a f f
!i i j 1 c a r r i e d  S .p y o g .  . .i
20b.
SUMMARY OF FIHDIHGS
D).  Acqui s i t i o n  o f  S t r e p t o c o c c u s  pyogenes  by th e  members o f  s t a f f .
(.Diagram. 22)  .
Summary of  r e s u l t s  o f  t r a c i n g  th e  so u rc e  o f  t h e  a c q u i r e d  
s t r e p t o c o c c u s  to  a p a t i e n t  o r  t o  a member o f  s t a f f .
G-roup 1 . A p a t i e n t  was the  most  l i k e l y  s o u r c e .
Group 2. The p o s s i b i l i t y  o f  a p a t i e n t  b e i n g  t h e  so u rc e  o f  
i n f e c t i o n  c o u ld  n o t  be e x c l u d e d .
Group 3. Source  c o u ld  n o t  be t r a c e d  t o  a p a t i e n t .
Group A. Source  c o u ld  be t r a c e d  to  a  member o f  s t a f f .
Group B. A member o f  s t a f f  was u n l i k e l y  t o  be t h e  so u rc e  b u t  
c o u ld  n o t  be e x c lu d e d .
' li ! , 1
| 11 S lod  ♦ ! .o' !]■ -p |21®<n
j  • <iH *H • ,Q ^ j
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! ii 1 .! i i
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* j U n lik e ly  to  be i n f e c t e d  by 
i another member o f  s t a f f ,  on ly  
; one o ther  c a r r ie r  a t  t h i s  t im e .  
\ No p a t i e n t s  c a r r ie d  S .p y o g . in  
\ Week 3.
2 || 4 . 5 j + j
j 3 !; 4 ! 6 j + J
ii 1 i i !
* ; i *• |
i i* *
; ; i
| No p a t i e n t s  c a r r ie d  S .p yog .  
i t h i s  week.
; S t a f f  No.13 s t i l l  c a rr y in g  
 ^ S .p yog .+ + .*........ ...... . j- - ' j' "j"- ! — ;
! 4 i! 5 9 i . S j * : ! *
! n I i M  M L
i 5 i! 5 12 + !  | i * : j  
6 S i 1.8 i + * *
; Three p a t i e n t s  s im u lta n e o u s ly  
■ acquired  S .p yog . S t a f f  N o .13 
; and one o th er  member o f  s t a f f  
! c a r r ie d  S .p yog . t h i s  week.
7 g ! + j * i I : * ; ; S ix  p a t i e n t s  c a r r ie d  S .p y o g .
j. | I j 1 1 ; : ; t h i s  week, none fo r  the  f i r s t
8 L 6 21 + 1 j * i U * i t im e . „ ^ „
i ; ; j j ;; i S t a f f  Ho.13 s t x x l  c a r r ie d
m : ! I 1 k  s .p y o g .++
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* * j Only one p a t i e n t  c a r r i e d  S.
pyog .  t h i s  week. S t a f f  N o .13 
i by t h i s  week c a r r i e d  o n ly  S.
| p y o g .+ .  There  was one o t h e r  
c a r r i e r  amongst  t h e  members 
1 o f  s t a f f .
10 oH 1 1 +i !*
■i • '
;* I n  Week 10,  P a t i e n t  N o .42 
; d e v e lo p e d  s c a r l e t  f e v e r  and
11 ;i 10 14 + 1 * i* o t h e r  two p a t i e n t s  c a r r i e d  S.
i ; pyog .  One o t h e r  member o f
; i : s t a f f  c a r r i e d  S .p y o g .
12 i 11 3 ! ++ * ;* ; I n  Week 10 ,  P a t i e n t  N o .42 
: d e v e lo p e d  s c a r l e t  f e v e r .  I n
13 ; 11 ; 25 + *i \ * ; Week 11,  4 p a t i e n t s  a c q u i r e d  • S .p y o g .  Two o t h e r  members o f
14 11 i 28 - P - ; * * : s t a f f  were c a r r i e r s  o f  S .p y o g .




:* i I n  Week 13 ,  7 p a t i e n t s  c a r r i e d  
1 S .p y o g .  two f o r  t h e  f i r s t  t i m e .
16 13 ;  i t + ; * * ; Three o t h e r  members o f  s t a f f  
: c a r r i e d  S . p y o g . b u t  one ,  N o . 6 . ,
17 13 24 i +■ | *
I  ;
1 i
;* ; had n o t  c a r r i e d  S .p y o g .  s i n c e  
; Week 4 and a n o t h e r ,  No . 8 ,
: s i n c e  Week 6.
18 17 26 j *  ;i ■ :
! ' ! 
j__ .— I---- Li
* ; One p a t i e n t  c a r r i e d  S .p y o g .
■ Two o t h e r ,  members o f  tlie s t a f f  
| c a r r i e d  S .p y o g .
19 18 11 + i* Three  o f  t h e  p a t i e n t s  c a r r i e d  
S . p y o g . ,  one o f  whom had S. 
p y o g . ++.
Two o t h e r  members o f  s t a f f  
c a r r i e d  S . p y o g , , o n e  o f  them, 
newly a r r i v e d  on t h e  s t a f f ,  
c a r r i e d  S . p y o g . ++.______________
and t h e  f o l l o w i n g  f i v e  o t h e r  
s t a f f  who a c q u i r e d  S . p y o g . ++
(b)  Two members o f  s t a f f  who
i n s t a n c e s  (a.) Three  members o f  
b u t  h a d  c a r r i e d  S . p y o g . + p r e v i o u s l y ,  
c a r r i e d  S .p y o g .  a g a i n  a f t e r  f i v e  o r
2 0 8 .
more weeks w i t h o u t  i t .
©
JB.
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20 11 + + •
A IB
I I n  Week 10 ,  P a t i e n t  N o .42 
!, d e v e lo p e d  s c a r l e t  f e v e r  and i n  
\ Y/eek 11 o t h e r  f o u r  p a t i e n t s  
| a c q u i r e d  S .p y o g .  Two o t h e r  
| members o f  s t a f f  c a r r i e d  S.
I pyog.   _______










* I I n  Week 13 sev en  p a t i e n t s  
| c a r r i e d  S .p y o g .  S ix  o t h e r  
i members o f  s t a f f  c a r r i e d  S. 
: pyog.  t h i s  week; 5 o f  them 
\ f o r  t h e  f i r s t  t i m e .











* | F iv e  o f  t h e  p a t i e n t s  c a r r i e d  
I S .p y o g .  i n  Week 1 6 .  
j Two o t h e r  members o f  s t a f f









* ! I n  Week 13 , seven  p a t i e n t s  




: 13 ! »I *• 1ii
1
_ i l „
* i I n  t h i s  week, sev en  members 
| o f  s t a f f  c a r r i e d  S .p y o g * ,  s i x  
1 f o r  t h e  f i r s t  t im e .
Diagrams fo r  S e c t io n  2. Chapter 2.
These diagrams were used in  the t r a c in g  o f  the  p o s s i b l e  
so u rc es  of pneumococci a cq u ired  by p a t i e n t s  or members 
o f  s t a f f .  Each type  o f  pneumococcus i s  d e a l t  w ith  in  a 
sep a ra te  diagram.
Diagram Type o f  
Pneumococcus.
Diagram Type o f  
Pneumococcus.
1 1 11 21
2 2 12 7
3 11 13 10
4 18 14 19
5 9 15 22
6 16 16 33
7 24 17 4
8 42 18 23
9 17 19 6
10 15 20 Types acqu ired  
by s t a f f  and 
never by 
p a t i e n t s .
and Diagram 21 -  S im ila r  diagram f o r  S tr e p to c o c c u s  pyogenes
-  p a t i e n t s  f in d in g s  o n ly .
Diagram 22 -  The in c id e n c e  o f  S tr e p to c o c c u s  pyogenes  
amongst the members of s t a f f .
2 1 0
N o te : Diagrams 1 - 1 9  show, fo r  each  week, th e  p o s i t i o n
i n  the ward of any p a t i e n t  who, a t  any t im e , c a r r ie d  the  
type  of pnuemococcus in  q u e s t io n .  The ward d i v i s i o n s  are  
l e t t e r e d  and the c o t s  numbered as shown in  S e c t io n  1 ,  
f ig u r e  lb .
Each week, the s e r i a l  number o f  any p a t i e n t  concerned  
i s  in s e r t e d  a d ja c en t  to  the  number of the  c o t  occu p ied .
The s e r i a l  number i s  e n c lo se d  in  a square i f ,  in  t h a t  
p a r t i c u la r  week, the  type was i s o l a t e d  from the p a t i e n t .  
Changes in  the p o s i t i o n  of the p a t i e n t  in  th e  ward are  
in d ic a t e d .  The f in d in g s  fo r  the  members o f  s t a f f  are  
a l s o  summarised i n  th e  diagram s.
In diagram 21, the organism  in v o lv e d  i s  S tr e p to c o c c u s  
p yogen es. I f  many organism s were c a r r ie d  a t  any one 
swabbing, t h i s  i s  in d ic a t e d  by "++” .
Diagrams 20 and 22 are s e l f  e x p la n a to r y .
* * * * *
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4 - 1 s I P a t i e n t s  a c q u ir in g
I l I S - J L3 { 2 / f j z
7 ! 6 A 4  ! 3 N o . 24 in  Week 6.
3. ' 2 / I .LA... S t a f f  a c q u ir in g
7 1 6 j ■JL a i i : Type 2.
' 3 l I I I j : f \ A No. 33  in  Week I t .
Other I s o l a t i o n s
from s t a f f .
No. 9 in  Weeks 1 
and 9.
N o . 33 in  Weeks 17  
and 23.
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1.3 1 -2. 1 / ; 0 1
IcT ''
2 1 3 .
P a t i e n t s  a c q u i r i n g  
Type 11.
N o .84 i n  Week 22. 
S t a f f  a c q u i r i n g  
Type 11 
N o .23 i n  Week 9. 
O th e r  i s o l a t i o n s  
f rom s t a f f .
None.
D I  A-GIVVi^L 3
B
; /o \ 9 ; 3 j
Wk21
(c o n ' d )
/  A
7 ! 6 ! 8 1 y j 6 j 5"
\Jk 2Z !
Jt!: A l  3
/o' ; 9 i 3
/oy j
2 | / ; 4 i 3 ; 3 j/
7  ; '6  : s i r  \ 6  I S
D  





\ & 2 l
[. X I 4  J 3
/OJ
2  17' 4-1  3  ! 2  I I
84- UJM 
4-1 3 ! 2  I I





r  i 6  ; 6  I r  ; 6 . 1. 3- j .tf  1 Y  i 6  ! .6-
i |756l I .__./07 | ! I 8/61
2 1 / T 4  i 3 \ 2. | / j 4  j 3 ; 2 | /
...LJ2 , 
6 13 |
'  I I d
i. |J 4
s; j..8 i r  ! 6 i'‘C .I '4 l[3 '
jr. j 4 i 3 i 
4 2 2 0 J  J
7 1.6.1 s  1 r  L.6 
1 /^ 6/07
2  I / J 4  { 3  ! 2. 1 / i 4  1 3  I 3  I I
X I £ S : 7  j fel.5 12b
~5 | 4 1 3 1
/4.1.5 J * ;
3  ! 7  f  4  : 3  j ^ k T 7
.s. 17 ! 6 [!sT.
6^ -
4 Y'6 i 2  j i
84-
. / . (>!  3.j .3j. L
y ! 6 ; 8 ; Y | 6 I 5 '< ^
x r i i 3 ; i ; 2
/o  s 9 ^  < y  1 6 s  : - /  •
5 - j ^  13 j  a r r S i l
'8  | r  i 6 T 5 :r
12 6
4,1.3 1.3
6"'. 8 j  .y: i:.6:
/ak
A C O I I j X
. 4 1 3  
4 I 3
7 .1 'a






/o ■ $ ; 6 7 6 8 ■ y  . 6 5~1 is1 f  r 6
1 o ; 4' 3 2 / 4 3 :
/ o  9 3 7 6 e  7





\v k .5  i
l7P..1$±A.: 7 6 ; 6 . 7
0 ;
/ A
^  ■ 8 
/ :
/ 1 4  
5" ! 8
3 : 2 
■7 ; 6
3 : 2
14.13 / ; 4 ! 3
V&.4-
3 :; 7 " I 6 [ 8 j 7
XJk.5
Vfc.6
2  : [ . .  2. A  I 
6 ; 3 ; 8 !
8 |
.2 : 1 1 a  r






1 Z . 1 A . L 3  1 2 7  / l i .  A l  3  j
J I^ t s .  17 j 6 ; s i  7 i
CsLl. aII  3  ; 2  . a  1.3.1
\&L.J [
U o i j im z x iK
z c n z i z n i
8  J
2 ; ./  .A :
6 S’ a |
8 I
2 j I i A J
j IIa ]' s j  
8
.3.! 2  I
7 i l6 1
3. 1.2.1
7  j  .6.
/
A i








/  ; 2  
A  3
/ 2
.4 2  3  .
/ T 2
A ! 3
/  ? 2
301?-.
L:LIa
.’.Ail 3 .j 
. L i .2  1
n i e r j
X d J
P a t i e n t s  a c q u i r in g  
Type 16 
No. 8 in  Week 3. 
S t a f  f  ac q u i r  in g  
Type 18 
N o .11 i n  Week 9 . 
O th e r  I s o l a t i o n s  
from  S t a f f  
None
216.
D tAQHAM 5  PlfEUH O CO CCUa TYPE 0




¥ ] y [  s ; 7 | 6'
5 ! 4  j  3 \ 2. I /
'/o [ y  [ a r y j 6
"X 1 4-77 I 2 ; /
"16
\ * 9../+ j 3 j 2. ]  ^ | /,■ J 3 j 2 [ /  j  / | -J. j 
8 J 7 j 6 j 6T | 8 ; 7 i 6 j  j r  |_A  ] V  |
-  iA | 3 I 2  | / 7 4j.-3-.4X.T-/ j f j :2 !
4  i j  |T.r 17 T 4
T T ^ '  [ ' 3 I"2  A  j 3  I 2  j /  | A  j 2  I 2  I /
DxACKRAM 6  PfctEtrMOC.OC.CXTS TYPE 1 6




y * i O m
44 . r . , . .  ,
jT  ; A 1 3 i 2  [ /
.47XTA 1A jl€ J ^7X1 4
A  j 3  j 2  I /  I 4  [ 3 I 2  j 7
7 12
/ 2
V A  8
3 7  i 6 ' * 1 7 t a 3 X I .  7 7 T i 7 ,X T X
■3 2 . 7 A  j 3  i 2 / A  I 3  I 2 7 T  {" z ~
8 7 1 6 8 | 7  1 6 8 j 7  i 6 I A 4 .1  3
3 ..7 7  / “ V I 1
.
f  j 7 / I X






7  1 6 3  | y t a Tr 8 1 7 ! 6 7 4*’.' 4  | 3
_3  .A f X 4  j 3 | 2
........
1  1 3  1~-z]
. . . . . . . .
: z : r x i
3
4 /
7 i 7 . 8  1 I X ..S’ . 8 .1 7  IA  I j f 4 J . . X
3 3  |.V 3  | 32 / 4  1 3  j 2 7 /  T X
9
/oT J.f $ i 7 ! 6 J  *H 7 | 4 I.y s  I 7  I 6 .17 , 
a  ; 3.12 s /
A  1 3 
/ 1 2.2$-; a  1 3 '} 2 1 / ; a  i 3 { 2 | /
D lA a R A M  8  PHEtrgTOCOCCCTS TYPE 4 -2 i
B  A  C D
Wc. 8
Q oI j l i A
I X X -  j  3  j 2 1 7  j 
.../P :..9 * . i  7 1 6
V&.1DI
A.,].A . X  3 I 7  
To7 J  X  I 7  1 6
>. J 7  U i A 5 I 7 1 7 I 5- 1 A J 3 .1
i 3  ; . 2  ! / a  i 3  ! 2  1 / I /  i 2  I
! 7 6  I s  | 6? : 7 ! 6  i 5- l.A ] 3
I jY  < //- 3 j 2 | t
A- 1, 3 \ ! /  . i 4  j . 2  1. 2  I , / J  / i. 2
A  I 3"A I 7 i'6 1 ^
A I 3  1 2  1 /
6 | 7  | 6 . j A 
£8
A 3  2  I / / 2
Type 9 was o n ly  
i s o l a t e d  on t h i s  
one o c c a s io n  i n  Week 
8. Not c a r r i e d  hy  
th e  s t a f f .
Type 16 was o n ly  
i s o l a t e d  on t h i s  
one o c c a s io n  i n  
Week 10 .
Not c a r r i e d  hy th e  
s t a f f .
Type 24 was o n ly  
i s o l a t e d  on t h i s  
one o c c a s io n  i n  
Week 9.
Not c a r r i e d  hy th e  
s t a f f .
Type 42 was o n ly  
i s o l a t e d  on t h i s  
one o c c a s io n  i n  
Week 9 .
Not c a r r i e d  hy th e  




jo j  9
P n E U H O C O C C U S  T Y  P E  1  "jT
B  A  C D
 .................................. ‘   .............. _ "4-1 3'..............I“ ' ' 82
; 8 3
3  2 , 1  4  ;
[. 6 . s ’
i 5  i h-
• 8
3  . 2 7  1 I T ' . 3 2  . / 3
t  ; e  [ 5 ' 6 7 . 6 5" ’
/ : 2
T I B l T  3 i z  77 Z_La.
To i o f ^ 1 7 i 6 1 8 T T T 6  s s T e  F T l 6 is-1 4-1 3 . - . r BEJj
83
<rt«- I 3 I a-1 i I T  13 i 2  i 1 l £ T 3  12  1 / 1 / 1 ^ .
2 1 7 .
P a t i e n t s  a c q u i r i n g  
Type 17 .
No. 82 i n  Week 13 
No. 83 i n  Week 1 2  
I s o l a t i o n s  from  
s t a f f
None.
D ia & ^ a m  Il O
P h e i t h o c o c c t / s  TYPE I t )
B A  C
\fc  2 








/o 9  1 6 « 7 6 ; s  r 7  ' 6 1 5  1 s  ; 7 ! f>: 3 ^ 4- ! 3
3^ £+ \ 3 f 2 . ‘ 1
1
.......r .9..
4  \ 3  ! 2  f f f 4 3 z T 7 ~ ~T T- — »H 2, •:
■SL, 6 ; g"? 7  j 6 'I  "sr'{ IT T 5 - i A . 3 7 . 7 / 3 ..
fT T W ..r 3 ; 2  : /
fU !
a [ 3  i 2  1 1 r w ' J . . '; 2 ' 7 . ^ 2,
7 P L 9 . .I s
i - i
L.7..S 6 6 ; 7  ’ 6 ' A T  8 7 - i 6 L'jr. A ...: 3 .7
U X t J L . 3 J 7t ; / . 4 . J  -3", 2  ! f a 3  : .^.1 t / 2
To T o ..L A  A 6 i g | 7  : 6 j A  f A 7  i W1 3 4  i 3"!
9 ^ > ; i
^ n r r ' 3 ' j 2 7 ■ 4  ’ 3 ' 2  ’ 7 'u ' 3  j AT i / ;
• i
2
T T 7 8 
T
A  : 6 s  i 7  : 6 ! 5" | 8 7  5 6 ! s 4  ’ 3
A A I
T_
/ ^ 1 3 : 2 ..- 7 ..- ~3~l z T 7 / 3
7 1/o 9 ] a 1 7  ■ 6 8 ' 7  ! 6  ' 5 1 8 6  ! 5“ 4  : 3  !
9 I ;
5  / ^ i 3 2  ; / A ! 3 !  Z \ f \ /Y ^  i / / 3  ;
/o • 4 5 a 7  : 6 i g f 7   ^ 6  ' 3" 1 g 7  1 6 ! 5" 4  1 3  19
‘ 2 . ‘
tfI
5“ : 7  i 3 / Yfi t 3 | z  ! /  i W 3  i 2 , 1 / /  53  !
/o ’■ 9  ! a  
9 ..
..X ;. 66a
■ 6  f 7  1 6 i 5  I 8 7  ! 6  ! .5 - j 4  I 3
i1
f  W ! 3 ' A ' ' / t T t s T ^ T T ' j ^ ; - 3  j 2 j 7 ( \ 3
J t l lT E '-A S IJ . l 'A l l  I T A IA I 'X l &IAJ A  I?9 *>4-1 I
ifj A I 3 2  1 : A  .3.L A  / J 4 3 ! 2 .! 3 ' / j 2,
^  •"o'j g" Y  " 6  8  r Y  ‘ "6 ! I 0 . LXJ ACA1AIA]
WA|’ ^  I j A
j 6-A  f~3 A j X . & i A I  2  r  / f A  3  ! 2  1 I ! . /  ! X l
r/oT -^  [ s  7  6 ., | 8 ^ 7 .  j 6 ! 5 'J  .8 .I „7 . L j& X € j A .I
V&.13
V *  A i
t c I S : j  T .'; 4  v3 I Z l 7..! .41 '3.'
To \ 9  j 8 \ f  t 6 I s  l y j  6 i 5“ j 8 [7 i 6 I j?.. j. AL*?.. I
9 | 6a j i
S I  A iS l3 ,_ U _ L A i3 J^ _ L d  A-UZ-La L A L AlIAi
y m r r y r r  r wr? run. ' r^a i z 1' ysZMAi
^  !  A / .  i
A  4  1 3 ~ z 1 i 13 i t ! a i  3 1 a 7 / i 2,
218 .
P a t i e n t s  a c q u i r i n g  
Type 18 
No. 9 i n  Week 3* 
No. 64 i n  Week 11 . 
N o .100 i n  Week 17 . 
S t a f f  a c q u i r i n g  
Type 15 
N o.17 i n  Week 5. 
No.14  i n  Week 1 5 . 
O th e r  i s o l a t i o n s  





D i a g r a m  1 1
p N E tJM O C O C C irs TYPE Z 1
B A C D
jo ‘ 9  I 8 | 7  ; 6 s f  y  l e' |..^ 8 T 7  r 6 I T ’ A T a
T&. s m
A . ! y.,i 3  ; 2  .;../ 4 I 3 r 2  ] 7 A ! 3 1 A  / _  ' 1.2_
U c. 6
Wk. x
\Jk. 8  
W 1 0
p>! <T1'? I? 16
A l.
I r m  3 T~^T7" 
7oTT7"g"'fyT~6"“'
i 3<rit r 3 j a 1 /'
  _  j t
4- j 3  "?~ 2  T  I "
CAXAi'AOl
6‘pf ’/f 7 3 ""
ADAixitij
3b





A U l IX. i 7 16... g l 7  ffe rw. 8 ...7 . I 6.TA. ...Ai
WL$ 1 a  1 3 1 2  n |3b]a IXL’a L /I a; mcam ; ' v.r
(0 . 7  j 6  L A P /T fe f iT a  T7"T~6 TV’
U £ S a
3 b  i 38
pT T 'C riT1 3 \  f. J Al A  A] / I
V y  Mg
6A | 1
(3S i 38
jZ E A IJ  i ^ P i 4 V"3 j  AT r l A f  a j-2'TT




W i l l (ofy \\!
W .12
W 1 5
W 1 4 -
W 1 5
Vk 16
L iU J i tU J ?  J 2 ...; / .
T T y T g  7 '7 ! 6 ~
I Z I M X ' I 2  : Y
p o W T ' e l 7 J  6 .
3 Z I 2 X E 1 2.! i
I 2 0 3 0 3 0 77-1 6
2  [ . /
'A o  \  4  T a  I a l U L
I a 1a X ? 1 % L i .
^ n z i x s x E
AJA._L.3L
T o 'f j j s
XT 7 1 3
7.
A  T 7  r 6 |''55f 8 ! Y' T.6 '[ W1
83 1 33
...a. I A




A j 3  S 2 ! /
8 T 7 T 6 ; 5"'
4 1 3  I 2 ! ! / 1 »
6  ! 7  1 6.| X
A r 3  r 2 I /
A ! 7 l 
A T T
3 S 7  1 6 1 s A ! 3
55)
y  I 3..] 2 j /..
8 ! 7 ‘ 6 i 5
64-
A | 3 i 2 I / ..> 1 2.'
8 j 7 1 6 IA  
91
' t  i? ;
a Iy j .A .L .1 ..-
8 ; 7 i 6 ! s'
A 1 3 1 3  f / 
s  1 7 1 6 r a
1 1 a  
” r3~
ry ,rj y [ M - >4 THAH6f£RHrn r - ■ »/o^ a(-i;5Q__ QD
a  I 3 j A L A
C P? I V j 6 rY  '
A£4UI(ULC>aiiAo
a O I J lL l .
T r n n T "
L / .E J
/+  i A lfa  JX
E3 ,.....AA 1 3 i 2, ! / / 1 A
' 81 7  1 6; [ A  
A 1 3 j 2. 1 7,
; YEx I T J A  
S3 _____




P a t i e n t s  a c q u i r i n g  
Type 21 
N o .36 in  Week 8 
No. 83 i n  Week 13 
No. 91 i n  ‘Week 15 
S t a f f  a c q u i r in g  
Type 21 
N o .35 i n  Week 21 
O ther  i s o l a t i o n s  






\ k .Z 2
Diagram 11 
(con 'd.)
B  A  C
\ j0T 9i  z c j ix i  a i  a l z  j a  i l c i i i a i j l
S" 5~ ! A i 3 ‘ 2. ; / li- i 3 / TTTjjT
lVQ ! 9 i ^ ,! 7 6 r cy..i.7.L> L?:
I
j 6~ j 4 T3 XA4XXAJAXX A
m i D x q o s ^ i n x i x i z
34
3 r x n r c n r n r r r a  1 3 ] a  1 /  1 1 | a
■ ^ T T T a r r n r ; " s 'T X T 6 T X ] ' XI  7  ! "6 ! S' X  f  3~
_.x i 5 t x i .jl_.A LX j I.. Q..a_
/o  I 9 j : 7  1 6 8 1 7  [ 6 i cr S  1 7  ! 6  1 ^ I 3  1
“ 9






U : . f
\ J k . 8
\Jk .Q







D i a g k  a h  1 2  
P n E U M O C O C C C J S  T ' T P E
B A c D
\f° l O A i  7  i 6 ] S : x  6 f X i s  f'7"! 6 J 5" ? 4  } 3 I 
I I (Wrj j ■ j
: o ' l A ' J a  l z  j i I X I  3. ] . 2  1  l \ /h . 3 \ 2 ] A i l \ 2}
! /O i 9 i 6 ! r  ! 6 [ s  I Y (6  i ^  j 8 i 7  i 6 i d" I 4- i'3'"i
j | ®  j ..................... ;............. i
L A  [4  1. 3 1 2 . ! /  [ A \ 3  ! 2  M  | 4  I 3  I 2  ; / ! /  ; ; x j
,/P.J 9 .! 0 . 776 : '«? i 7 i 6 I 4 j 8 ! 7 ! 6 A  : 4T37'
f T ^ I  0*^15-560  I | |I ) | | |
30 *p;n,7 I !
3 :2... < ; 4  . 3 12. . - /  I 4  ; 3 I I I I Z
, /o 1 9' • s 7 6 •- 9 i 7 | 6 ] s' ■ 8 I 7  i 6 : 4  : 4 i 3 ![MX     !  ..........XT'W "‘"■"■■■I'— 1
; T^ r s r  ^ ---------- [W ^ ;  i 3
x r .!>  i~3 . 2  FT' : 7 : 3 ja  . f ; V 1" 3~r 2,TrT '7T '^'1
X T AT A I  y 16 ! 6 : y ! 6 i s , e i
i 39 :
.4. .L x_j._ 4X.3_
3a
„ 30 MMtlWD
\ / o  i 5  i s  7  ; 6  i 8  | 7 i  6  ! 5  j 8 i ' 7  ! 6  A 1 4  T X
■ GED j 3? I |
i : J 38 r
j A TX.\ 3  \ z  i t j,4..i o | 2.;../. 1.4.1 3 f a  .17711 [A.
T J o T j j f T e  ' 7  H * 1""8 ? 7  I 6  [ 5" i 8 1 Y ;  6  i ' A T X I l ’3 ~I ' m  ! 39. j
i I i 38 j _
j A'f 4 I 3 7  j / j X i 3 | ^  i /_ j 4 I 3 I 2 ) / j / j A
i'A I I A x It  :-6 i L I I ?  i XT A I A L IA fA ril 
; | 3? i i3« 1
fo 19 ] e i 7  : 4 i 8 ] 7 I 6 1 7  j 6 f 7 [6 j 3
"   39! _  I
[ZTA JA tZJLT .4.1 3  j .A 7  /1 I A  .; ..3 I 2  .1 7 1 / i 2,
! /i ~s f 7  X  i 3 7 y  FX 1 a t a  [A T X L E iA I a
 "'1..............  39! 1
AT X »' 3 2 P i 14 T.3 TAT[T^7tAirA..■' A.lXi.Xi.:4_
* / o i 9 7 A T 7 P<T X  l y  i 6 . X  ; s  ! 7 [.6 L x i X l A
.   ^ 39 | i
. ,43. iM^.i./. ...1.47.7 i.i., i./... A .■ 3,±,X.X.Z-i,/..7 A.
/o 1 9 T i? { 7 !  6 8 I 77  6 [ A.j 8. , 7  ; 6. L.ATAXX
   "' 39 : j
.Mi.
€T: _4.. i 3T.2 777 4 ] AT 7 ; /.; 4 , 3 :. 7. i /!. / .la.
j /Oi 9 f 8  i 7  ; 6  i s . i  .7.16„lA .U.Si.-.?r L.6 . i iT.} ^ .L.3liI “y"-...........' 1 39 i i f
f ! . ........ . ...f9i] 7 ______   J ..
f s r  I 4  j 3 I.A, iX  L .A 1 .7 lA iX  . L4.J... 3 i .A.,IX,-..L-/.X.2<..i
LAT7f17 TAI6'TiLC..l!7 A . fAi .4 l.7 L 6 ! 71j..7 f s . .
; ® : .  , , , : .......
7 x 1  7  | 3 \ 2\ l ; 4  1 3  1 2 i f / i 4  : 3  : 2/ I ./ 1 /  ; 2 ...
222.
P a t i e n t s  a c q u i r i n g  
Type 7 
N o .30 i n  Week 6 
N o .41 i n  Week 8 
N o .38 i n  Week 11 
N o .91 i n  Week 14 
I s o l a t i o n s  from  S t a f f  
None
D  I A  Q I\ A  M  1 3  
Pm E IT AX QC'O CCITS X'ATI'E 1 0
B • A
tvk ^
>  \ ' j~ A '  y ; i
5 " !  4  3  2  i I
| Y 17 i" s'
c D
5~ ...JLLpL ; 6
i—
1
......U r . . . ...








to \ 9 -.* 1 7-j .6 AX 7 [. 6 1. 7... .3.1 .7.1 7.1, w 1.3 _'
, *9.....3” l /fr : 3 i A l i i , .A.j 3.1.7...111. ..AS 3 ; 2 . 1-
37,
...LI 2
, /0 \ 9 S..W
Hcol
! 7 1 6 I
— X ! 7 1
6 1 X 8 i 71 6.i 3 All 3
i , ^ 7 - -1..7. u .  11 4- i 3 | 3 1/ ,A l 81 2 J. /
—M-ty
TT A
\ fo | ,3.IX
■
1.7 1 6 S' {7 ! 6 | "sT 8 ; MS
3 TTT1
t c l i L l A 1.2.1 ll. Xl 3| 2 1 / 7 ; s ; 2 ! L 1,1 z
/o \ 9 1 &1.7.1.6
V_V... . ...
X 7. 1 6 1 A. ,.S.L7,.1 6 j5; 7- | 3
5~l 4- \ 3 it- | .3.1 3 ! A l . 2.i..1 ...lJ 2
Z M J X E\ r g x p i&
X I z ll X |.3 1 6 ]
....1.....
AI '6 j 3 41 3
i.Z Lr w.J .11. 2t. !.../. A  i. 3 ; .2.17... LI z




A  3 1 \ f .4. i 3„j 2/j 11
j>.L9. i s ! 7 : 6 8 17 1
02
6 1 ]s~ IAl 6 s.A 7 1 3 .




2 ! ! A  3 i Z i, t /1 2
1 7 ' ^ .7 1 
f377.
6 1 X 8 i r 6 'A AT 3~
W i l l s . i 3  ; A 41 3 j 2 17 X i.3.: 2 / 1z
A t X I X .1:71 .6.:. 1Ir! 6 IX 8 17 "6 \ /oo 5~ .41 A
: o : o : z i 2 i / >1 3i i z 11 . W-.i 3 ...2.1 / .X I 2?
\ /& | *> \ & ; 'T: ; 6 s I 7 1 6 1 5" 8] 7 6 :/0<3 .31 A  t
IX  [ A A .3 .] ! i 4- | 3 j 2 1 / A! j , ..2. XI iziiX.
A G I > Y.iil6. X l .71 6 l.lx S j 7 ;  ^ ;12^ 3'
5* 4 j
■
X |  "4l 3 1.2 1 1 4-1 3 1X 1 / 3 : 2 'U ,2„
. /o J...9 .3 W 7 i | 6' .S I. .7 i 6 .IT.X131 7"! 6too
.211
,41XT
L5 | X I 3 jLAJ 9- | .3T.I 2 1 ./ 4 | 3 < ./.... ’/ [A
223.
P a t i e n t s  a c q u i r i n g  
Type 10 
N o .49 i n  Week 12 
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S t a f f  a c q u i r in g  
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O th e r  i s o l a t i o n s  
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Types a c q u i r e d  by members o f  s t a f f  
b u t  n e v e r  by  p a t i e n t s .
Type S e r i a l  No. 
o f  S t a f f .
Week when 
a c q u i r e d .
Remarks
3 18 5 N ever i s o l a t e d  from  
p a t i e n t s .
29 9 ■ 10 I s o l a t e d  from  p a t i e n t  
N o .86 i n  Weeks 12 and 15
14 12 3 Not i s o l a t e d  from  any  
p a t i e n t  u n t i l  Week 13
14 33 16 P a t i e n t  N o .94 c a r r i e d  
Type 14 i n  Weeks 13 and 
16 .
35 24 15 N ever i s o l a t e d  from  
p a t i e n t s .
35 28 13 N ever i s o l a t e d  from  
p a t i e n t s .
37 31 13 N ever i s o l a t e d  fro m  
p a t i e n t s .
In  none o f  th e  above i n s t a n c e s  d id  a n o th e r  member o f  
s t a f f  c a r r y  th e  ty p e  i n  q u e s t i o n .
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